NASA Reference Publication 1003 


Bibliography of Supersonic Cruise 
Aircraft Research (SCAR) Program 
From 1972 to Mid-1977 

(BAS/-HI- ICOIi) tlll.MGiiim Ci: ii'JCH-IiCiiK 

cyoisr- aihchmt nrijjtcf ittni <naea) 

102 i no ACh/i'f fti crci csl 

G 1/82 


Sherwood Hoffman 


NOVEMBER 1977 



f » 



M78-128S5 


Unolas 
5«1 J1 



NASA 



NASA Reference Publication 1003 


Bibliography of Supersonic Cruise 
Aircraft Research (SCAR) Program 
From 1972 to Mid-1977 


Sherwood Hoffman 

Langley Research Center 
Hampton, Virginia 


NASA 

National Aeronautics 
and Space Administration 

Scientific and Technical 
Information Office 

1977 


.ii 



PREFACE 

This bibliography documents publications of the Supersonic Cruise Aircraft 
Research (SCAR) Program that were generated during the first S5 years of effort. 
The reports are arranged according to Systems Studies and five SCAR disciplines: 
Propulsion, Stratospheric Emissions Impact, Structures and Materials, Aerody- 
namic Performance, and Stability and Control. The specific objectives of each 
discipline are summarized. Annotation is included for all NASA inhouse and 
low-number contractor reports. 

This report supersedes NASA TM X-73950. 
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INTRODUCTION 


In July 1972, approximately 1 roar after the cancellation of the United 
Staton Supersonic Transport Program, the National Aeronautics and Space Adminis- 
tration initiated the Advanced- Supersonic Technology (AST) Program. Thia name 
was later changed to Supersonic Cruise Aircraft Research (SCAR). The overall 
objectives of thia program were as follows: 

(1) To provide an expanded technology base for future oivil and military 

supersonic aircraft 

(2) To provide the 'data needed to assess environmental and economic 

impacts on the United States of present and, in particular, future 
foreign supersonic transport aircraft 

(3) To provide a sound technical basis for any future consideration that 

may be given by the United States to the development of an environ- 
mentally acceptable and economically viable commercial supersonic 
transport (SST) 


SCAR MANAGEMENT 

The SCAR program was managed by the Office of Aeronautics and Space 
Technology (OAST) Advanced Supersonio Technology/Hypersonic Research Office 
(Code RT) with the Langley Research Center designated as the lead center. An 
Advanced Supersonic Technology Office (ASTO) was established at Langley for 
technical management and coordination of the program. In addition bo the 
Langley Research Center, the Ames Research Center, the Lewis Research Center, 
the Dryden Flight Research Center, and the Jet Propulsion Laboratory implemented 
the program through contracts with the aircraft industry, research grants to 
universities, and inhouse experimental and analytical work. 


PROGRAM STRUCTURE 

A block diagram showing the initial structure of the program is given in 
figure 1. The scope of the SCAR program included system studies and the 
following disciplines: 

Propulsion 

Stratospheric Emissions Impact 
Structures and Materials 
Aerodynamic Performance 
Stability and Control 

The results of the SCAR study are accumulated in the development base for 
future use. 
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Figure 1.- SCAR projeot structure in 1972, 


As progress was made during the first 5 years of work, the program struc- 
ture gradually ahanged to that shown in figure 2. The relative level of effort 
expended for eaoh discipline from fiscal year 1973 to fiscal year 1977 is pre- 
sented in figure 3. 
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Figure 3.= Relative effort of SCAR disciplines. 


OBJECTIVES FOR SYSTEM STUDIES AND SCAR DISCIPLINES 
System Studies 


The specific objectives for system studies are to identify and assess the 
impact of new technologies applicable to future supersonic commercial aircraft; 
to determine how these technologies can be successfully integrated into a design 
for a supersonic cruise aircraft (in particular, investigate such ar s as sub- 
sonic and supersonic performance, economics, safety, comfort, and those charac- 
teristics, noise, pollution, etc., which interact with the social community); 
and to perform Arrow Wing Feasibility Studies, from primary structural design 
to flexibility effects, in order to assist in defining aerodynamic configura- 
tions which will advance arrow wing structural designs. 


Propulsion 


The specific objectives for propulsion are to acquire performance data for 
engine cycles suitable for an advanced supersonic transport; to reduce engine 
noise; to provide technology for a turbine engine primary combustor which has 
minimum attainable nitric oxide emission at supersonic cruise conditions; to 
provide experimental verification of the facts of upper atmosphere pollution; 
to develop and test an integrated airframe/propulsion digital control system; 
to develop advanced materials for applicable engines; and to provide an advanced 
experimental engine so that a complete system is available for examining the 
interactions of components and for determining the overall performance and 
operating characteristics. 
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Stratospheric Emissions Impact 

The specific objeotivos for atratosphoric omissions Impact are to deter- 
mine the composition of the jot wake and perturbations (chemical and hydro- 
dynamic) in the stratosphere that aro cauoed by tho passage of supersonic 
aircraft; to develop and apply advanced instrumentation to measure the trace 
constituents in the stratosphere; and to develop techniques to analyze and 
deacribo tho possible detrimental effects on tho natural stratosphere of air- 
craft exhaust systems from fleets of supersonic aircraft. 


Structures and Materials 


Tho specific objectives for structures and materials aro to evaluate 
metallic materials, composites, and composite reinforced metals for potential 
use in an advanced supersonic transport; to design, fabricate, and test under 
appropriate loading and environmental conditions typical structural elements 
and components that were fabricated from advanced materials, with particular 
emphasis on fatiguo and fracture tests; to asseos tho relative merits of 
advanced structural concepts and demonstrate the effectiveness of these con- 
cepts by construction and test of major assemblies; to develop the analytical 
techniques and design methods for advanced arrow wings; and to develop and 
evaluate analytical techniques for predicting flight effects, ground loads 
effects, and aeroela3tic effects. 


Aerodynamic Performance 


The specific objectives for aerodynamic performance are to develop pre- 
liminary designs of promising supersonic configuration concepts based on the 
application of control configured vehicle (CCV) and low sonic boom technology; 
to optimize an arrow wing configuration which would have high aerodynamic effi- 
ciency in supersonic cruise and satisfactory low-speed characteristics; to 
develop rational stability and oontrol power criteria to be applied to proposed 
configuration concepts; to develop and validate methods for use in predicting 
low-3peed and high-speed aerodynamic characteristics for both design and off- 
design flight conditions; to incorporate the new methods into computerized 
design tools in order to provide the aircraft designer the means to accurately 
and rapidly accomplish the design trades necessary for an efficient transport; 
and to conduct sonic boom simulations to obtain subjective response data and 
thereby establish criteria for sonic boom exposure characteristics that are 
acceptable to the public. 


Stability and Control 


The specific objectives for stability and control are to develop an 
improved data base for the design of aerodynamic control surfaces; to conduct 
piloted simulation 3tudie3 for the determination of handling qualities criteria 
for advanced CCV supersonic transports; to determine failure modes to alterna- 
tive redundant control system mechanizations and the ability of the pilot to 



react to thooo failures; to predict the effect of ueroolanticity on the air- 
plane' a flight ehnraeteriation; to develop control lawn applicable to active 
control oonoeptn ; to ootablinh the feasibility of wind-tunnel simulation of 
active control oonoopto; and to develop improved control nyntemn to cope with 
interactions between the airframe and propuloion nyntemn. 
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BIBLIOGRAPHIC ENTRIES 


The present SCAR bibliography lists tno publications that resulted from 
SCAR support from the inception of the program in 1972 to mid- 1977 . Tho bibli- 
ography in arranged according to system stud ion and tho five .9 OAR disciplines. 
Each discipline in subdivided into throe groups: 

NAOA Inhouoo Reports 

NAHA Contractor Reports 

Articles, Meetings, and Company Reports 

In certain groups, the publications are further divided into such sec- 
tions as material applications, noise, and inlet stability valve, There are 
444 papers or articles included in this issue. When a paper appeared as more 
than one publication by the same organization (for example, an AIAA paper which 
was later published in the Journal of Aircraft), only the later publication is 
given. Annotation Is included for all NASA inhouoo and low-number contractor 
reports . 

Figure 4 is presented to help the reader visualize the typical subject 
material of this bibliography. Figure 4(a) shows an artist's representation 
of a supersonic cruioo commercial transport which was the basis for the tech- 
nology integration studies of one of the system study contractors. Figure 4(b) 
shows a large scale arrow wing model placed in the Langley full-scale tunnel 
for low speed tests. Figure 4(c) i3 a sketch of a finite-element structure 
model of .an arrow wing with 2000 nodes, 4200 elements, and SjOO degrees of 
freedom. Figure 4(d) presents a achomatle of two typical advanced engine con- 
cepts studied by tho engine study contractors. 
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OY.'JTIiM GTUDIEi 


N A.GA InhQ ! iso Rop orts 

1. Macoitti, Vinoont it.: Byntemn Integration fttutilcn for Bupornnnfo Crui on 
Aircraft. NAGA TM X-72701, iy7‘j. 

Technical pr^gmsu in each of thn disciplinary roncarch areas affecting 
in design of supersonic oruion aircraft in discussed. The NAGA AST/BCAR 
Program supported :,he integration of the no advances into supersonic 

nruioo aircraft configuration concepts. Although the baseline concepts reflect 
differing design philosophy, all reflect a level of eoononio performance con- 
oidorably above the current foreign aircraft an well an the former U.G, GGT. 
Range-payload character int ion of the otudy configuration not only show signifi- 
cant improvement but also meet environmental gcaln such an take-off and landing 
noise and upper atmospheric pollution. 


2. Baber, Hal T, , Jr.; and Swanson, E, E.; Advanced Supersonic Technology 
Concept AST-100 Characteristic,-) Developed in a Baseline-Update Study. 
NASA TM X-72815, 1976. 

The Advanced Supersonic "echnology Configurable; , AST-100, is described. 
The combination of wing thicKness reduction, na olio recontouring for minimum 
drag at cruise, and the use of the horizontal tail to produce lift during climb 
and cruise resulted in an increase in maximum lift-to-drag ratio. Lighter 
engines and lower fuel weight result J.i a 6-porcent reduction in take-off gronn 
weight. Tbo take-off maximum effective perceived noise wan 11*1,4 dB. 


3. Fettorman, D. E. , Jr.: Preliminary Sizing and Performance Evaluation of 

Supornonie Cruise Aircraft. NASA TM X— 73936 , 1976. 

Thn basic processes of a method that performs sizing operations on a base- 
line aircraft and determines their subsequent effects on aerodynamics, propul- 
sion, weights, and mission performance are described. Results obtained by 
applying the method to an advanced supersonic technology concept are discussed. 
These results include the effects of wing loading, thrust-to-weight ratio, 
technology improvements on range performance, and possible gains in both range 
and payload capability that become available through growth versions of the 
baseline aircraft. The results from an in-depth contractual 3tudy are also 
included . 


4. Morris, S. J.; Foss, W. E., Jr.; snd Russell, J. W.: Assessment of 

Variable-Cycle Engines for Mach 2,7 Supersonic Transport: A Status 

Report. NASA TM X-73977, 1976. 

This report evaluates each of three proposed SCAR propulsion systems in 
terms of aircraft range for a fixed payload and take-off gross weight with a 
design oruise Mach number of 2.7. The effects of various noise and operational 
restraints are determined and sensitivities to 3ome of the more important 
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performance variable:) arc presented for the moot probable design noise and 
operational restraint ease . Critical areas requiring new or improved technol- 
ogy for each cycle are delineated. Thin report describes the status of the 
NASA ’CAR Mach 2.7 design studios as of its publication. 


5, Proceedings of the SCAR Conference - Parts 1 and 2. NASA CP-001, 0977] . 

Since 1972 the SCAR program has provided an accelerated and focused 
technology effort which has resulted in development of improved analytical 
toch'iquoo, design procedures, and an expanded experimental data base. Major 
advances have been achieved and wore reported to the technical community at the 
SCAR Conference hold at the Langley Research Center, November 9-12. 1976, 

This document is a compilation of papers presented by *19 speakers repre- 
senting airframe and engine manufacturers, the Federal Aviation Administration, 
and four NASA research centers. 

The Conference was organized in six sessions as follows: Aerodynamics, 

Stability and Control, Propulsion, Environmental Factors, Airframe Structures 
and Materials, and Design Integration. 


6. Fischler, J. E.: Structural Design of Supersonic Cruise Aircraft. 

Proceedings of the SCAR Conference - Part 2, NASA CP-001, 01977] , 
pp. 911-925. 

The McDonnell Douglas supersonic cruise aircraft structures effort is dis- 
cussed and includes: (a) the analysis methods used to improve the structural 

model optimization and compare the structural concepts, (b) the analysis and 
description of the fail-3afe, crack-growth, and residual-strength studies and 
testa, (c) baseline structural trade studies to determine optimum structural 
weights Including effects of geometry changes, strength, fail-safety, aero- 
elastics, and flutter, (d) comparison of British, French, and U.S. aluminum 
alloys with 6A1-4V annealed titanium in structural efficiency after 70 000 hr 
at temperature, (e) the study of three structural models for aircraft at cruise 
speeds of M = 2.0, 2.2, and 2.4, (f) the study of many structural concepts to 
determine their weight efficiencies, and (g) the determination of the require- 
ments for large-scale structural development testing. 


7. FitzSiinmons, Richard D. : Market Trends. Proceedings of the SCAR 

Conference - Part 2, NASA CP-001 , 01977~1 , pp. 985-1000. 

The public, by its reception and patronage of the widening Concorde super- 
sonic service, will dictate whether a need exists for a second-generation super 
sonic transport. A second-generation supersonic transport must meet society's 
needs and at ths same time be profitable for the operators and manufacturers. 

A very large segment of '..he over water, long haul passenger market, 31 percent 
of the passengers who provide 42 percent of the passenger revenue, offers a 
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significant market for an advanced supersonic transport. Tho oivil aircraft 
market through the year 2000 could reach 250 to 300 supersonic airoraft, given 
the timely availability of tho necessary resources to undertake 3uch a venture, 
livery indication to date is that a multination, multigovornroent program may 
offer tho only way ouch a program will come to tuition. 


8. FltzSimmono, Richard D. s Performance and Benefits of an Advanced Tech- 
nology Supersonic Cruise Aircraft, Proceedings of the SCAR Conference - 
Part 2, NASA CP-001, [1977], pp. 927-938. 

The results of 4 yr of research on technology by the MoDonnell Douglas 
Corporation are synthesized in an advanced supersonic cruise airoraft design. 
Comparisons are presented with the former U.S. SST and the British-French 
Concorde, inoluding aerodynamic efficiency, propulsion effioienoy, weight effi- 
ciency, and community noise. Selected trade 3tudy results are presented on the 
subjects of design cruise Maoh number, engine cycle selection, and noise sup- 
pression. The critical issue of program timing is addressed and some observa- 
tions are made regarding the impact that timing has on engine selection and 
minimization of program risk. 


9. Hoy, James M. : Toward a Second Generation Fuel Ef slant Supersonic 

Cruise Airoraft - Structural Design for Effioienoy. Proceedings of tlv 
SCAR Conferenoe - Part 2, NASA CP-001, [l97?], pp. 867-879. 

The unique challenge of this Boeing ooncept to the structural designer is 
discussed. The potential of the application of advanced structural design con- 
cepts and new titanium fabrication processes is emphasized. The results of a 
detailed struotural analysis, including weight and flutter, show successful use 
of the ATLAS struotural design and analysis system. It is concluded that the 
blending of the structure may not have an adverse impact on structural effi- 
ciency, weight, and manufacturing complexity. 


10. Neumann, Frank D. : Toward a Second Generation Fuel Efficient Supersonic 
Cruise Airoraft - Design Characteristics and Feasibility. Proceedings 
of the SCAR Conference - Part 2, NASA CP-001, [1977] , pp. 849-866. 

Studies at Boeing Commercial Airplane Company in recent years have focused 
on the definition, analysis, and evaluation of the blended wing-fuselage con- 
cept. This paper* reviews the basis and objectives of design improvement 
studies. Design changes that lead to improved aerodynamic and structural effi- 
ciency are presented. Practical design constraints and approaches for a blended 
wing fuselage are discussed, as well as the integration of the configuration 
that leads to aerodynamic and structural efficiency. Highlighted are new 
approaches used to provide for structural efficiency, airline and passenger 
acceptance, passenger evacuation, and subsystem integration. Results of full- 
scale passenger cabin mock-up evaluations are presented showing the feasibility 
of the concept. 
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11. Rowo, William T. : Design Feasibility of an Advanced Technology Supersonic 

Cruiso Airoraft. Procoodinga of the SCAR Conference - Part 2, NASA 
CP-001, [1977], pp. 895-909. 

Research and development programs by McDonnell Douglas Corporation and 
NASA provide confidence that technology is in hand to design an economically 
attractive, or.vironraon tally sound supersonic cruise aircraft for mid-1980 world- 
wide commercial operations. The principal results of studios and tests are 
described, including those which define the selection of significant design 
features. These typically include the results of (a) wind-tunnel toots, both 
subsonio and supersonic; (b) propulsion performance and acoustic tests on noise 
suppressors, including forward -flight offeot3j (c) studios of engine/airfrarae 
integration which load to the selection of engine cycles and sizes to meet 
future market, eoonomio, and sooial requirements; and (d) structural testing. 


12. Vachal, John D.: Toward a Second Generation Fuel Efficient Supersonic 

Cruise Airoraft - Performance Characteristics and Benefits. Proceedings 
of the SCAR Conference - Part 2, NASA CP-001, 0977] , PP. 881-894, 

This Boeing paper briefly reviews the characteristics of the 1971 U.S. SST. 
The need for greatly improved fuel efficiency ana off-design subsonio character- 
istics is discussed. Engine-airframe matching studies are presented which show 
the benefits of a configuration designed for much lower supersonic drag levels 
(blended wing fuselage) and show how well this airframe matches with the new 
advanced variable-oyole engines. The benefits of advanced take-off procedures 
and systems, together with the coannular noise effect in achieving low noise 
levels with a small cruise-size engine, are discussed. It is concluded that 
the SCAR technology advances, when carefully integrated through detailed engine- 
airframe matching studies on a validated baseline airplane, lead to a much 
improved supersonic cruise airoraft. 


13. Wright, Bruce R.; Sedgwick, Thomas A.; and Brie, David M.: An Advanced 

Conoept That Promises Ecological and Economic Viability. Proceedings 
of the SCAR Conference - Part 2, NASA CP-001, [1977], pp. 939-984. 

Economic and ecologioally acceptable supersonic travel throughout the 
world can be a reality in the 1990's. The actuality of supersonic commercial 
service being provided by the Concorde is demonstrating to the world the advan- 
tages offered by supersonic travel for both business and recreation. Public 
acceptance will gradually and persistently stimulate interest to proceed with 
a second-generation design that meets updated economic and ecological standards. 
This Lockheed paper identifies an advanced technology supersonic cruise vehicle 
developed under the NASA SCAR program that could be available for commercial 
service in the 1990's. It is estimated that this concept could operate profit- 
ably on worldwide routes with a revenue structure based upon economy fares. 

This airplane will meet all present-day ecological requirements regarding noise 
and emissions. 
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NASA Contractor Reports 


1*1. Interim Summary Report. Volumo I - Studies of the Impact of Advanced 

Technologies Applied to Supersonic Transport Aircraft. LR 25827-1 (Con- 
tract NAS 1-11940), Loekheed-California Co., Mar. 30, 1973. (Available 
as NASA CR-1 '15051-1 .) 


15. Interim Summary Report. Volume II - Market Analysis. LR 25827-2 (Con- 
tract NAS1-1 19*10) , Lockheed-Callfornia Co., Mar. 30, 1973. (Available 
as NASA CR- 14505 1-2.) 


16. Studies of the Impaot of Advanced Technologies Applied to Supersonic Trans- 
port Aircraft. Interim Summary Report, Volume 1 - Summary. D6-22529 
(Contract NASI —1 1933) , Boeing Commercial Airplane Co,, Apr. 1973. 
(Available as NASA CR-1 45052-1 . ) 


17- Studies of the Impact of Advanced Technologies Applied to Supersonic Trans- 
port Aircraft. Intorim Summary Report. Volume 2 - Technology Assessment 
(Task I). D6-22529-1 (Contract NASI— 1 1938) , Boeing Commercial Airplane 

Co., Apr, 1973. (Available as NASA CR-145052-2. ) 


18. Studies of the Impact of Advanced Technologies Applied to Supersonic Trans- 
port Aircraft. Interim Summary Report. Volume 3 - Market Analysis 
(Task II), D6-2H529-2 (Contract NASI- 11938), Boeing Commercial Airplane 
Co., Apr. 1973. (Available as NASA CR-1 45052-3 . ) 


19. Studies of the Impact of Advanced Technologies Applied to Supersonic 

Transport Aircraft. Volume I - First Year Summary Report. MDC J4394 
(Contract No. NASI— 1 1939) , McDonnell Douglas Corp., Sept. 1973. (Avail- 
able as NASA CR-145053-1 .) 


20. Studies of the Impact of Advanced Technologies Applied to Supersonic 

Transport Aircraft. Volume II - First Year Summary Report. MDC J4394 
(Contract No. NAS1-11939), McDonnell Douglas Corp., Sept. 1973. (Avail 
able as NASA CR-1 45053-2.) 


21 . Studies of the Impact of Advanced Technologies Applied to Supersonic 

Transport Aircraft. Volume III - First Year Summary Report. MDC J4394 
(Contract No. NASI —1 1 939) , McDonnell Douglas Corp,, Sept. 1973. (Avail- 
able as NASA CR-1 45053-3.) 
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22, Studios of tho Impact of Advanced Technologies Applied to Supersonic 

Transport Aircraft. Volume IV - First Year Summary Roport. MDC J439*l 
(Contract No, NAS1-11939), MoDonnoll Douglas Corp., Sept, 1973. (Avail- 
able a, “ASA CR-1 45053-4.) 


23. LTV Hampton Technical Center: Advanced Supersonic Technology Concept 

Study - Reference Characteristics. NASA CR-132374, 1973. 


2*1, Executive Summary - Studies of the Impact of Advanced Technologies Applied 
to Supersonic Transport Aircraft. LR 26089 (Contract NAS 1-119*10), 
Lookhocd-California Co., Jan. 3, 197*1. (Available ao NASA CR-145057.) 


25. Summary Report. Task III - Concept Refinement and Engine Coordination. 
LR 25827-3 (Contract NAS 1-119*10), Lookheed-California Co., Jan. 3, 
197*4. (Available as NASA CR-1*15056.) 


26. Bonner, Ellwood; Roe, Marshall H.; Tyson, Ray M.; and Mair3, Ronald Y.: 
Influence of Propulsion System Size, Shape, and Location on Supersonic 
Aircraft Design. NASA CR-132544, 1974. 


27. Brewer, G. D. : Final Report - Advanced Supersonic Technology Concept 

Study - Hydrogen Fueled Configuration. NASA CR— 1 1 47 1 8 , 1974. 


28. Product Dev.: Studies of the Impact of Advanced Technologic Applied to 

Supersonic Transport Aircraft - Summary Report. D6-22553 (Contract 
NASI — 1 1 938) , Boeing Commercial Airplane Co., Jan, 1974. (Available as 
NASA CR-145055.) 


29. Product Dev.: Studies of the Impact of Advanced Technologies Applied to 

Supersonic Transport Aircraft. Task III: Concept Refinement and Engine 

Coordination. D6-22558 (Contract NAS 1-1 1933 ) , Boeing Commercial Air- 
plane Co., Jan. 1974. (Available as NASA CR-1 45054.) 


30. Bonner, Ellwood ; Mairs, Ronald Y.; and Tyson, Ray M.: Eff> :ts of Nacelle 

Shape on Drag and Weight of a Supersonic Cruising Aircraft. NASA 
CR-144093, 1975. 


31. Douglas Aircraft Co.: Engine/Airframe Compatibility Studies for Super- 

sonic Cruise Aircraft. NASA CR-132610, 1975. 


32. Douglas Aircraft Co.: Engine/Airframe Compatibility Studies for Super- 

sonic Cruise Aircraft - Supplemental Report. NASA CR-1 3261 0- 1 , 1975. 
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33. Douglas Aircraft Co.: Technology Application Studies for Supersonic 

Cruise Aircraft - Volume I. NASA CR-144925, 1975. 


34. Douglas Aircraft Co.: Technology Application Studios for Supersonic 

Cruise Aircraft - Volume II. NASA CR-144926, 1975. 


35. Foss, R. L.; Wright, B. R,; and Bragdon, E. L, : Studies of the Impact of 

Advanced Technologies Applied to Supersonic Cruise Alroraft - Task IV-2 
Cruise Speed Selection Study. NASA CR-132620, 1975. 


36. Foss, R. L.; and Zalesky, R. E.: Studies of the Impact of Advanced 

Technologies Applied to Supersonic Cruise Aircraft - Executive Summary. 
NASA CR-1 3261 8, 1975. 


37. Guinn, Wiley A.; Balena, Frank J.; Clark, Lorenzo R . ; and Willis, 

Conrad M.: Reduction of Supersonio Jet Noise by Over-the-Wing Engine 

Installations. NASA CR-1 32619, 1975. 


38. Lookheed-California Co.: Studies of the Impact of Advanced Technologies 

Applied to Supersonic Cruise Aircraft. Appendix A - Task IV-3 Prelimi- 
nary Propulsion Assessment Study. NASA CR-132621, 1975. 


39- LTV Hampton Technical Center: Advanced Supersonic Technology Liquid 

Hydrogen Concepts Study - Summary Report. NASA CR-1 32506, 1975. 


40. LTV Hampton Technical Center: Advanced Supersonic Technology Liquid 

Hydrogen Concepts Study. Volume-1. NASA CR— 1 326 16, 1975. 


41. Product Dev., Boeing Commercial Airplane Co.: Advanced Supersonic Con- 

figurations Studies Using Multicycle Engines for Civil Aircraft. NASA 
CR-132723, 1975. 


42. Wright, B. R.; Foss, R. L.; Benson, J. L. ; and Byrnes, A. L.: 1 chnology 

Assessment Studies Applied to Supersonic Cruise Vehicles, NASA 
CR— 1 449 1 6 , 1975. 


43. LTV Hampton Technical Center: Advanced Supersonic Technology Liquid 

Hydrogen Concepts Study. Volurae-II. NASA CR- 1 326 1 6 , 1976. 
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44. Preliminary Design, Boeing Commorolal Airplane Co.i Studied of a Multi- 
cycle Supersonic Technology Demonstration Airplane Coneopt. NASA 
GR-1 44904, 1976. 


45. Product Dev., Boeing Commercial Airplane Co.: Advanced Superoonio Con- 

figurations Studies Using Multicycle Engines for Civil Aircraft, NASA 
CR-1 45089, 1976. 


46. Pulley, John: Evaluation of Low-Cost Titanium Structure for Advanced 

Airoraft. NASA CR-145111, 1976. 


47. Tyson, Ray M. ; Roe, Marshall H.; Bonner, Ellwood; Mairs, Ronald Y.; and 
Chaloff, David: Study of a Multimode Integrated Propulsion System in 

an Advanced Supersonic Transport. Contract No. NASI -12245, Los Angeles 
Airaraft Div., Rockwell International Corp,, [1976]. (Available as 
NASA CR- 145058.) 


48. Wright, B. R . j and Foss, R. L.: Technology Assessment Studies Applied to 

Supersonic Cruise Vehicles. NASA CR-1 45 133, 1976. 


49. Bond, E. Q.; Carroll, E. A.; and Flume, R. A.: Study of the Impact of 

Cruise Speed on Scheduling and Productivity of Commercial Transport Air- 
craft Report. NASA CR-1 45189 , 1977. 


50. Douglas Aircraft Co.: Aircraft Community Noise Impact Studies. NASA 

CR-1 45152 , 1977. 


51. Douglas Aircraft Co.: Technology Application Studies for Supersonic 

Cruise Aircraft. NASA CR-145130, 1977. 


Articles, Meetings, and Company Reports 

52. An Airline's View of Reserve Fuel Requirements for the Supersonic 
Transport. LP 26133, Lockheed-California Co., Sept, 19, 1973. 


53. FitzSiramons, Richard D,; and Hoover, Walter C. : AST - A Fifth Engine for 

Environmental Consideration. [Preprint] 730899, Soc. Automot. Eng., 
Oct. 1973. 


54. Foss, Richard L.; and Bragdon, Ellwood L.: Propulsion Technology Advances 

Needed for a Quiet Supersonic Transport. [Preprint] 730898, Soc. 
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06. Franc incun, I.eot Jot Not .mo of un Augmontor Wing-Ad vanned .'Juporoonlo 
Transport. NALA TM X-60177, 1972. 

A prolirainary mission study wao made of the range and jet noino of an 
advanced supersonic transport employing an augmontor wing and four duet-burning 
turbofan engines, The airplane weight and aerodynamic characteristics of the 
Booing 2707-300 airplane were used. The study showed that an augmontor wing 
can reduce the bypass jot noise sufficiently so that total noise levels below 
those recommended in FAI\ 36 can be attained without significant range penalties 
if the augmontor wing can be designed without severe weight and performance 
penalties. 


87. Whitlow, John B, , Jr.: Comparative Performance of Several SST Configura- 

tions Powered by Noise-Limited Turbojet Engines. NASA TM X— 68 170, 1972. 

A simplified study was made in which the mission performances of three 
Mach 2.7 airplane configurations were compared . Both wing loading and the size 
of the unaugmented turbojet engines were varied at different levels of suppres- 
sor technology. The lowest gross weight and the best return on investment were 
obtained with an advanced arrow wing configuration. A modified delta configu- 
ration is a close competitor; a swing wing configuration was too structurally 
heavy. 


88. Dugan, James r'., Jr.: Preliminary Study of Supersonic-Transport Configu- 

rations With Low Values of Sonic Boom. NASA TM X-2746, 1973. 

A parametric study of low boom, supersonic transport airplanes with con- 
ventional configurations wao made to identify the features of specific con- 
figurations that promise relatively low sonic boom overpressures (less than 
47,9 N/m 2 ). The ranges of values considered were gross weight from 28 300 to 
170 000 kg; oruise Mach numbers of 2 to 3.2; and wing loadings of 1436, 2870, 
and 4309 N/m 2 . Fuselage length was varied from 49.1 to 102.4 m and fuselage 
diameter from 2.75 to 3.98 m. A nominal Maeh 2 configuration weighing 56 700 kg 
and having a wing loading of 2870 N/m 2 was selected; its gross geometric, aero- 
dynamic, and structural features were estimated. 


89. Dugan, James F.: Preliminary Study of Turbojets With Rotary Flow Inductors 

for a Low-Noise Supersonic Transport. NASA TM X-68233, 1973. 

In a simplified airplane mission study for a Mach 2.61 supersonic trans- 
port, dry turbojets with and without real suppressors and dry turbojets with 
ideal rotary flow inductors were studied for sideline noise levels as low as 
those recommended in FAR 36-20. Compressor pressure ratio was varied from 5 


original®® 
0F POOR OUAUT-X 


21 



to 30 ond turbine temperature from 982° C to 1698° 0. For no no loo constraint 
and without a nuppruonor for tho boot dry turbojot, payload dropped rapidly for 
lower noise goals, becoming 0.3 poroont of the groan ^eigh* required by FA II 36, 
for tho ideal indue tor wan far nuporior to the real nuppro... a*, giving payloada 
of 6.6 poroont of that required by FAR 36»10 an,. 6.7 poroont of that required 
by FAR 36-20, 


90. Whitlow, John B, , Jt . ; Wobor, Richard J . ; and Civinnkan, Kontutin 0 . : 

Preliminary Appraisal of Hydrogen and Methane Fuel ir a Mach 2.7 Supor- 
nonlo Tranoporfc, NASA TM X- 68222 , 1973. 

Tho higher heating valuo of hydrogen relative to jot propulnion (JP) fuol 
is estimated to reduce fuel woight by threefold and groan weight by 40 poroont 
for comparably designed airplanes of equal payload and range. At curront fuol 
pricea, tho direct operating cost (DOC) of a hydrogen airplane would be much 
higher than that of a JP airplano. A mothano airplane could offer an 
8.5-pereent lower DOC than JP. If in the future a’l three fuels are postulated 
to have equal costs per unit of energy, tho DOC for hydrogen could bo as much 
aa 20 percent below that fo* 1 JP on tho reference mission of 4000 n.mi. 


91. Weber, Richard J.: The NASA Rosearcw Program on Propulsion for Supersonic 

Cruise Aircraft. NASA TM X-71666, 1975. 

Tho objectives and status of the propulsion portion of a program aimc’d at 
advancing the technology and establishing a data baoo appropriate for the posoi 
ble future development of supersonic cruise aircraft are reviewed. Research 
related to exhaust nozzles, combustors, and inlets that is covered by the noise 
pollution, and dynamics programs is described. 


92. Whitlow, John B., Jr.: Comparison of Parametric Duct-Burning Turbofan 

and Nonaftorburning Turbojet Engines in a Mach 2.7 Transport, NASA 
TM X-71679, 1975. 

A parametric study was made of duct-burning turbofan and suppressed dry 
turbojet engines installed in a 3Upersonio transport. A range of fan pressure 
ratios wa3 considered for the separate flow fan engines. The turbofan engines 
were studied both with and without jet noise suppref. jor3. Trades were made 
between thrust and wing area for a constant take-off field length, Tho turbo- 
fans produced lower airplane gross weights than the turbojets at and below the 
requirements of FAR 36. 


93. Whitlow, John B, , Jr.: Supersonic Propulsion. Aeronautical Propulsion, 

NASA SP-381, 1975, pp. 441-1157. 

The Supersonic Cruise Airplane Research technology program is reported. 
Mission requirements, cycle considerations, engine evaluation, and SCAR study 
results are discussed. It Is concluded that improved aerodynamics and struc- 
tures, greater use of composites, and more refined active controls are needed 
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in tho airframe area for designing an economically viable, environmentally 
acceptable, supersonic aircraft. 


9 J h Whitlow, John B., Jr.i Effect of Airplane Character lot lea and Takeoff 
Nolso and Field Length Constraints on .Engine Cycle Selection for a 
Mach 2.32 Cruioo Application. NASA TM X-718G5, 1976. 

Sidolino noioo and take-off field length were varied for two typeo of 
Maoh 2.32 cruiae airplanoa to determine their effect on engine cycle oolection. 
Ono of those airplaneo wan tho NASA Langloy LTV arrow wing; the other wan a 
Boeing modified delta plun tail derived from tho earlier 2707-300 concept. 
Advanced variable-cycle enginon (VCE) woro considered. A more conventional 
advanced low-bypann turbofan engine wan used an a banoline for comparison. 
Appropriate exhaust nozzle modifications were assumed to ailow either inherent 
coannular or anrular jet noine suppression benefit. All the VCE'a outperformed 
the baseline engine by substantial margins in a design range comparison. 


95. Willis, E. A.; and Welliver, A. D.: Supersonic Variable-Cycle Engines. 

NASA TM X-7352H, 1976. 

The evolution and current status of selected recent variable-cycle engine 
studies are reviewed and how the results were influenced by airplane require- 
ments is described. Promising VCE concepts are described; their designs are 
simplified; and the potential benefits in terms of aircraft performance are 
identified. These include range, noise, emissions, and the time and effort 
it may require to insure technical readiness of sufficient depth to satisfy 
reasonable economic, performance, and environmental constraints. A brief over- 
view of closely related, ongoing technology programs in acoustics and exhaust 
emissions is also presented. Selected VCE concepts can lead to significantly 
improved economic and environmental performance relative to first-generation 
SST predictions. 


96. Wllli3, Edward: Variable-Cycle Engines for Supersonic Cruiso Aircraft. 
NASA TM X-73463, 1976. 

Progress and the current status of the variable-cycle engine study arc 
reviewed, with emphasis placed on the impact of technology advancements and 
design specifications. A largo variety of VCE concepts are al30 examined. 


97. Albers, James A.; and Olinger, Frank V.: YF-12 Propulsion Research 

Program and Results. Proceedings of the SCAR Conference - Part 1, 

NASA CP-001, [1977], pp. M7->>56. 

This report discusses the objectives and status of the propulsion program, 
along with the results acquired in the various technology areas. The instru- 
mentation requirements for and experience with flight tooting the propulsion 
systems at high supersonic cruise are discussed. Propulsion system performance 
differences between wind tunnel and flight are given. The effects of high 
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frequency flow fluctuations (transients) on the stability of the propulsion 
system arc described, and shock position control is evaluated. The report dis- 
cusses present and future program plans and schedules. 


90. Bowditch, David N.: Supersonic Cruise Inlets for Variable-Cycle Engines. 

Proceedings of the SCAR Conference - Part 1, NASA CP-001, [*1 9771 , 

PP. 307-397. 

Variable-cyolo engines have the potential to operate very efficiently over 
the wide speed range of a suporaonic cruise aircraft. The performance of can- 
didate supersonic cruise inlets is reviewed and the aerodynamic installation 
penalties for oach type are defined. The main characteristics that affect the 
airflow schedules of variablo-cyclo engines are defined, These schedules are 
compared with the airflow schedules of the candidate inlets, and appropriate 
inlets are matched to the variablo-cyclo engine characteristics. Auxiliary 
inlets are also considered. 


y9. Hiller, Kirby W.; and Drain, Daniel I.: Control of Propulsion Systems for 

Supersonic Cruise Aircraft. Proceedings of the SCAR Conference - Part 1, 
NASA CP-001, [1977], pp. 399-415. 

The unique propulsion control requirements of supersonic aircraft are pre- 
sented. Integration of inlet, engine, and airframe controls is discussed. The 
application of recent control theory developments to propulsion control design 
is described. Control component designs for achieving reliable, responsive 
propulsion control are also discussed. 


100. Howlett, Robert A.: Variable Stream Control Engine Concept for Advanced 

Supersonic Aircraft - Features and Benefits. Proceedings of the SCAR 
Conference - Part 1, NASA CP-001, [197?] , pp. 341-352. 

The variable stream control engine being studied at Pratt & Whitney Air- 
craft for advanced supersonic cruise aircraft shows potential for significant 
environmental and performance improvements relative to first-generation super- 
sonic turbojet engines. This engine concept has two separate flow streams - 
each with independent burner and nozzle systems. By unique control of the 
exhaust temperatures and velocities in these two coannular streams, significant 
reduction in jet noise may be obtained. This engine has the potential for 
other major improvements. Technology programs are required to qualify and 
demonstrate these potential improvements, 


101. Krebs, J. N.: Advanced Supersonic Technology Study - Engine Program 

Summary: Supersonic Propulsion - 1971 to 1976. Proceedings of the 

SCAR Conference - Part 1, NASA CP-001, [l977], pp. 353-370. 

In 1972 NASA initiated study programs to identify the required propulsion 
system and airplane technology necessary for an environmentally acceptable 
supersonic cruise vehicle. The Advanced Supersonic Propulsion System Technology 
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Gtudion at General Eloetrio Company screened conventional turbojets, mixed flow 
and duet- burning turbofann, and variable-cyele engineo. Thin resulted in the 
nelootion of a variablo-oyelo engine concept that provideo high airflow for low 
take-off noino levoln, uning a coannular acouotic oxhauot nozzle, and a eruioo 
airflow matched to the airplane inlet flow schedule. Tochnology predicted to 
be available for ntart of development in 1985 in incorporated in tho engine. 

The propulaion oyatem technology has improved to tho point that definition of 
a ooeond-goneration supersonic cruise aircraft propulaion oyatem that in much 
improved from the 1971 GE4 turbojet io now pooaiblo. 


102. Powers, Albert G . ; Whitlow, John B.; and Stitt, Leonard E.: Component 

Toot Program for Variable-Cycle Engineo. Proceedingn of the SCAR 
Conference - Part 1, NASA UP-001, Q 977] , pp. 371-385. 

The NASA Lewis Reaearch Center SCAR program involves propulsion study con- 
tracts with the General Electric Company and Pratt & Whitney Aircraft. Through 
these contracts, promising variable-cycle engine concopts for a supersonic 
cruise airoraft have been identified. These VUE concepts incorporate unique 
critical components and flow-path arrangements that provide good performance 
at both supersonic and subsonic oruiso and appear to be economically and 
environmentally viable. 
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103. Soderman, Paul T.; and Noble, Stephen C.; A Four-Element End-Fire 
Microphone Array for Acoustic Measurements in Wind Tunnels. NASA 
TM X-62,331 , 1974. 

A prototype four-element end-fire microphone array was designed and built 
for evaluation as a directional acoustio receiver for use in large wind tunnels. 
The microphone signals were digitized, time delayed, summed, and reconverted 
to analog form in such a way a3 to create a directional response with the main 
lobe along the array axis. The measured array directivity agrees with theo- 
retical predictions confirming the circuit design of the electronic control 
module. 


104. Stone, James R.: Interim Pediotion Method for Jet Noise. NASA 

TM X-71618, 1974. 

A method is provided for predicting jet noise for a wide range of nozzle 
geometries and operating conditions of interest for aircraft engines. Jet 
noise theory, data, and existing prediction methods were reviewed. This method 
predicts only the noise generated by the exhaust jets mixing with the surround- 
ing air and does not include other noises emanating from the engine exhaust, 
such as combustion and machinery noise generated inside the engine (i.e., core 
noise). It does, however, include thrust reverser noise. Prediction relations 
are provided for conical nozzles, plug nozzles, coaxial nozzles, slot nozzles, 
and thrust reversers. 
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106. Abtyo, Warren F . ; ami Karel, Steven: The Accuracy of Far-Fiold Noise 

Obtained by the Mathematical Extrapolation of Near-Field Noine Data, 

NASA TM X-6S.434, 197 C J . 

Results are described of an analytical study of the accuracy and limita- 
tiona of a technique that permits the mathematical extrapolation of near-field 
noise data to far-field conditions. It in shown that the most important param- 
eters describing predictive accuracy are the number of microphones, the ratio 
of source length to acoustic wavelength, and the error in location of near-field 
microphones. 


106. Atencio, Adolph, Jr.: Wind Tunnel Measurements of Forward Speed Effects 

on Jet Noise From Suppressor Nozzles and Comparison With Flight Test 
Data. NASA TM X-6 2,449, 1975. 

The results of a test program conducted in the NASA Ames 40- by 80-Foot 
Wind Tunnel to determir the effect of forward speed on the noise levels 
emanating from a conical ejector nozzle, a 32-spoke suppressor nozzle, and a 
104-elliptical-tube suppressor nozzle are reported. It is shown that noiae 
levels are reduced as forward speed is increased and that, for one suppressor 
configuration, forward speed enhances suppression. Comparisons of noise mea- 
surements made in the wind tunnel with those obtained in flight tests show 
good agreement. 


107. Stone, James R . : On the Effects of Flight on Jet Engine Exhaust Noise. 

NASA TM X— 7 1819, 1975. 

Differences between flight data and predictions of jet engine exhaust 
noise were reconciled by considering the combined effects of jet mixing noise 
and internally generated engine exhaust noise. The source strength of the 
internally generated noise was assumed to be unaffected by flight, The direc- 
tivity was assumed to be the 3ame statically as that given in the NASA interim 
prediction method for core engine noise. However, it was assumed that, in 
flight, internally generated noise is subject to the convective amplification 
effect of a simple source. It was shown that, in many oases, much of the fly- 
over noise signature is dominated by internally generated noise. 


108. Gutierrez, Orlando A.; and Stone, James R.: Developments in Aircraft Jet 

Noise Technology. Aircraft Safety and Operating Problems, NASA SP-416, 
1976, pp. 497-512. 

This paper briefly describes significant developments in two areas of jet 
noise technology: the development of jet noise technology relative to coannular 

nozzles of all types, and a recent approach to the analysis of flight effects 
that appears to allow simulated flight effects results to be transformed to 
actual flight conditions with a high degree of confidence. The coannular noz- 
zle section presents results applicable to high-bypass-ratio turbofan engines, 
as well as current work on inverted-profile coannular nozzles applicable to 
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low-bypass-ratio turbofan engines suitable for use in future supersonic oruise 
aircraft. 


109. Mixson, John S.; Mayes, William H.; and Willis, Conrad M.: Effects of 

Aircraft Noise on Flight and Ground Stfuctures. Aircraft Safety and 
Operating Problems, NASA SP-^I 6 , 1976, pp. 513-525. 

This paper discusses three examples involving structural response to air- 
craft noise. Acoustic loads measured on jet-powered STOL configurations are 
presented for externally blown and upper surface blown flap models ranging in 
size from a small laboratory model up to a full-soale aircraft model. Noise 
transmission oharaoteristics of light aircraft structures are presented. 
Acceleration responses of a historic building and a residential home are pre- 
serted for flyover noise from subsonic and supersonio aircraft. The results 
from these three examples show that aircraft noise can induce structural 
responses that are large enough to require consideration in the design or 
operation of the aircraft. 


110. Stone, James R.: Flight Effects on Exhaust No:' se for Turbojet and Turbo- 

fan Engines - Comparison of Experimental Data With Prediction. NASA 
TM X-73552, 1976. 

Recent experiments on the effects of flight on jet engine exhaust noise 
have produoed apparently conflicting results. Some of these results do not 
agree with classical jet noise theories nor with model jet simulated flight 
tests, In some of the eases reported, the proper corrections were not made to 
account for the distributed nature of the jet noise sources. The remaining dis- 
crepancies can be reconciled by considering the combined effects of jet mixing 
noise, internally generated engine exhaust noise, and shook noise. This paper 
demonstrates that static and in-flight jet engine exhaust noise can be predicted 
with reasonable accuracy when the multiple source nature of the problem is 
taken into account. Jet mixing noise is predicted from an improved version of 
the NASA interim prediction method. 


111. Stone, Jame3 R,; Miles, Jeffrey H.; and Sargent, Noel B.: Effects of 

Forward Velocity on Noise for a J85 Turbojet Engine With Multitube 
Suppressor From Wind Tunnel and Flight Tests. NASA TM X-73542, 1976. 

Flight and wind-tunnel noise tests were conducted to obtain an understand- 
ing of forward velocity effects on jet exhaust noise. Nozzle configurations 
of primary interest were a 104-tube suppressor with and without an acoustically 
treated shroud. The installed configuration of the engine was as similar as 
possible in the flight and wind-tunnel tests. The wind-tunnel maximum Mach num- 
ber was approximately 0.27, and the flight Mach number was approximately 0.37. 
The nominal jet velocity range was 450 to 640 m/sec. In the present tests, the 
observed directivity and forward velocity effects for the suppressor are more 
similar to predicted trends for internally generated noise than for unsuppressed 
jet noise. 
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112. Atonoio, Adolph, Jr.. The Effect of Forward Speod on J85 Engine Noise 
From Suppressor Nozzles as Measured in the NASA-Ames 40- by 80-Foot 
Wind Tunnel. NASA TN D-8426, 1977. 

The nozzles were tested at three J85 engine power settings and at wind- 
tunnel forward speeds up to 91 m/3eo. In addition, outdoor static tests were 
conducted at the Ames Outdoor Static Test Facility to determine (1) the differ- 
ences between near-field and far-field measurements, (2) the effect of an air- 
frame on the far-field directivity of each nozzle, and (3) the relative suppres- 
sion of each nozzle with respect to the baseline conical ejector nozzle. It 
was found that corrections to near-field data are necessary to extrapolate to 
far-field data and that the presence of the airframe changed the far-field 
directivity as measured statically. The results show that the effect of forward 
speed was to reduce the noise from each nozzle more in the area of peak noi3e, 
but the change in forward quadrant noi3e was small or negligible. 


113. Darden, Christine M.; and Mack, Robert J.: Current Research in Sonic-Boom 

Minimization. Proceedings of the SCAR Conference - Part 2, NASA CP-001, 
[1977], pp. 525-541. 

A review is given of several questions as yet unanswered in the area of 
sonic boom research. Efforts, both at Langley Research Center and elsewhere, in 
the area of minimization, human response, design techniques, and in developing 
higher order propagation methods are discussed. In addition, a wind-tunnel test 
program being conducted to assess the validity of minimization methods based 
on a forward spike in the F-function is described. 


114. Gutierrez, Orlando A.: Aeroacoustic Studies of Coannular Nozzles Suitable 

for Supersonic Cruise Aircraft Applications. Proceedings of the SCAR 
Conference - Part 2, NASA CP-001, [1977] , pp. 471-490. 

Research programs have been conducted to investigate experimentally the 
aeroacoustic characteristics of scale-model, inverted-velocity-profile coannu- 
lar nozzles. These programs Include studies of unsuppressed configurations 
with and without center plugs over a variety of radius ratios and area ratios. 
Also included in these studies have been suppressed configurations, the effect 
of ejectors, and some simulated flight effects. Unsuppressed inverted-velocity- 
profile coannular nozzles seem to allow jet mixing noise compliance with present 
FAR 36 regulations when applied to supersonic cruise aircraft engine cycles. 
Simulated flight tests suggest that the aeroacoustic benefits of the inverted- 
velocity-profile coannular nozzles would be maintained in flight. 


115. Kozlowski, Hilary: Coannular Nozzle Noise Characteristics and Application 

to Advanced Supersonic Transport Engines. Proceedings of the SCAR 
Conference - Part 2, NASA CP-001, [1977], pp. 491-504. 

Recent programs in the field of jet noise carried out by Pratt & Whitney 
Aircraft and sponsored by the NASA Lewis Research Center have indicated that 
the variable stream control engines which are being considered for advanced 
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supersonic online aircraft li ivc inherent jot noise advantages ovor earlier 
engines. This characteristic io associated with the exit volooity profile pro- 
duced by ouch an engine. The high velocity fan stream on the outor porip' ">v 
io acouotioally dominant while the primary stream io hold to a low ve.'ocii. ,.nd 
therefore oontributeo little to the overall noise. 


116. Leo, Robert: Coannular Plug Nozzle Noino Reduction and Impact on Exhauot 

System Dooigno. Procoedinga of the SCAR Conference - Part 2, NASA 
CP-001, [1977], pp. 505-52^1. 

Two programs woro carried out by the General Electric Company under the 
sponsorship of the NASA Lewis Research Center from 1973 to 1976, The f at 
program aimed mainly at the investigation of multielement suppressors added to 
the outer stream of the poannular plug nozzle for possible application to duct- 
burning turbofan cycle. The second program was confined to the unsuppressed 
coannular plug nozzle but with extended range of configurations and test param- 
eters such that possible applications of the unsuppressed coannular nozzle con- 
cept to variable-cycle engine exhaust systems, with or without outer stream 
burning, can be fully evaluated. 


Materials 

117. Signorelli, Robert A.: Metal Matrix Composites for Aircraft Propulsion 

Systems. NASA TM X-71685, 1975. 

Compressor fan blades and turbine blades have been identified as compo- 
nents with high payoff potential. This paper will present the current status 
of development of five candidate materials for such applications. Boron fiber/ 
aluminum, boron fiber/titanium, nd silicon carbide fiber/tltaniura composites 
are considered for lightweight compressor fan blades. Directionally solidified 
eutectic superalloy and tungsten wire/superalloy composites are considered for 
application to turbine blades for use at temperatures to 1100° C. 


118. McDanels, David L.; and Signorelli, Robert A.: Effect of Angleplying and 

Matrix Enhancement on Impact-Resistant Boron/Aluminum Composites. NASA 
TN D-8205, 1976. 

Efforts to improve the impact resistance of B/Al are reviewed and analyzed. 
Tensile and dynamic modulus tests, thin-sheet Charpy and Izod impact tests, and 
standard full-size Charpy impact tests were conducted on 0.20-mm-diameter 
B/1100 A1 matrix composites. Angleplies ranged from unidirectional to ±30°. 

The best compromise between reduced longitudinal properties and increased trans- 
verse properties was obtained with ±15° angleply. The pendulum impact strengths 
of improved B/Al were higher than that of notched titanium and appeared to be 
enough to warrant consideration of B/Al for application to fan blades in air- 
craft gas turbine engines. 
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119. McDanels, David L . ; and Signorelli, Robert A,: Effect of Fiber Diameter 

and Matrix Alloys on Impact-Re3isbant Boron/Aluminura Composites. NASA 
TN D-8204, 1976. 

Efforts to improve the impaot resistance of B/Al are reviewed and analyzed, 
Nonstandard thin~3heet Charpy and Izod impaot test3 and standard fu- -size 
Charpy impaot tests were conduoted on composites containing unidirectional 
0.10-, 0.14-, and 0,20-mm-diameter boron fibers in 1100, 2024, 5052, and 
6061 A1 matrioes. Impact failure modes of B/Al are proposed. The impact 
strength of B/Al was significantly Increased by proper selection of materials 
and processing. The U3e of a ductile matrix (1100 Al) and large-diameter 
(0.20-mm) boron fibers gave the highest impact strengths. 


120. McDanels, David L.; and Signorelli, Robert A.: Improved Impact-Resistant 

Boron-Aluminum Composites for Use as Turbine Engine Fan Blades. NASA 
TM X-71875, 1976. 

Efforts to improve the impact resistance of B/Al are reviewed and analyzed. 
Thin-sheet Charpy and Izod impact tests and standard full-size Charpy impact 
tests were conducted on unidirectional and angleply composites containing 0.10-, 
0.1 4-, and 0.20-mm boron in 1100, 2024, 5052, and 6061 Al matrices. Impact 
failure modes of B/Al are proposed in an attempt to describe the mechanisms 
involved and to provide insight for maximizing impact resistance. The impaot 
strength of B/Al was significantly increased by proper selection of materials 
and processing. 


121. Signorelli, Robert A.: Composite Materials Research in Support of Super- 
sonic Propulsion Systems. Proceedings of the SCAR Conference - Part 1, 
NASA CP-001, [1977J, pp. 451-468. 

Two engine components, fan blades and exhaust systems, have been selected 
for composite materials development efforts in support of the SCAR engine 
program. The materials selected were boron/aluminum for fan blades and silicon 
carbide/superalloy sheet for the exhaust system. The current status of the 
research in applying these two composite materials to SCAR engines is reviewed 
in this paper. 


Inlet Stability Valve 

122. Cole, Gary L.; Dustin, Miles 0.; and Nelner, George H.: A Throat-Bypass 

Stability System for a YF-12 Aircraft Research Inlet Using Self-Acting 
Mechanical Valves. NASA TM X-71779, 1975. 

Results of a wind-tunnel investigation are presented. The inlet was modi- 
fied so that airflow can be removed through a porous cowl-bleed region in the 
vicinity of the throat. The bleed plenum exit flow area is controlled by 
relief- type mechanical valves. Unlike valves in previous systems, these are 
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made for use in a high Mach flight environment and inoludo refinements so that 
the system could bo tested on an NASA YF-12 aircraft. The valves were designed 
to provide their own reference pressure. The results show that the system can 
absorb Internal airflow transients that are too fast for a conventional bypass 
door control system. Increased tolerance to angle-of-attaok and Mach number 
ohanges is indicated. The valves should provide suifioient time for the inlet 
control system to make geometry changes required to keep the inlet started. 


123. Dustin, Miles 0.; and Neiner, George H.: Eva’uatlon by Step Response 

Test3 of Prototype Relief Valves Designed for YF-12 Inlet Stability 
Bleed System. NASA TM X-3262, 1975. 

Two stability bleed system relief valves were tested in a spocial dynamic 
test faoility, These poppet valves are prototypes for a stability bleed system 
designed for use in a YF-12 flight inlet. One valve is unshielded, and the 
other has a special shield to eliminate the flow effect pressures on the piston. 
The tests determined the size of a damping orifice to be used during wind-tunnel 
tests of the bleed system and verified an analog simulation of the valves. 


124. Webb, John A,, Jr.; and Dustin, Miles 0.: Analysis of a Stability Valve 

System for Extending the Dynamic Range of a Supersonic Inlet. NASA 
TM X— 32 19, 1975. 

A stability valve system designed for a full-scale supersonic mixed- 
oompression inlet was modeled dynamically by using analog computer techniques. 
The system uses poppet valves mounted in the inlet cowl to bypass airflow and 
augments the inlet shook position control system by preventing unstarts caused 
by high-frequenoy perturbations. The model was used as a design aid to 
investigate the effects of varying both the physical configurations of the 
valve and the flight and wind-tunnel conditions. 


Pollution Reduction 

125. Rudey, R. A.; and Reck, G. M.: Advanced Combustion Techniques for Con- 

trolling N0 X Emissions of High Altitude Cruise Aircraft. NASA 
TM X-73473, 1976. 

An array of experiments designed to explore the potential of advanced com- 
bustion techniques for controlling the emissions of aircraft into the upper 
atmosphere was discussed. Of particular concern are the oxides of nitrogen 
(N0 X ) emissions into the stratosphere. The experiments utilize a wide variety 
of approaches varying fr^m advanced combustor concepts to fundamental flame 
tube experiments. Resul s indicate that substantial reductions in cruise N0 X 
emissions should be achievable in future aircraft engines. A major NASA pro- 
gram is described. 
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126. Rudey, Richard A,: Tho Impact of Emission Standards on tho Design of 

Aircraft Gas Turbine Engine Combustors. NASA TM X-73^90, 1976. 

Effootivo emission control techniques have boon identified and a wide 
spectrum of potential applications for those techniques to existing and 
advanced engines are boing considered. Results from advanced combustor concept 
evaluations and from fundamental experiments are presented and discussed and 
comparisons are made with existing EPA emission standards and recommended 
levels for high altitude cruise. The impact that the advanced low emission 
concopts may impose on future airoraft engine combustor designs and related 
engine components is discussed. 


127. Rudey, Richard A.: Status Roview of NASA Programs for Reducing Airoraft 

Ga3 Turbine Engine Emissions. NASA TM X-71B61, 1976. 

Programs initiated by NASA to develop and demonstrate low emission advanced 
teohnology combustors for reducing aircraft gas turbine engine pollution are 
reviewed. Program goals are consistent with urban emission level requirements 
as specified by the U.S. Environmental Protection Agency and with upper atmo- 
sphere cruise emission levels as recommended by the U.S. Climatic Impact Assess- 
ment Program and National Research Council. Preliminary tests of advanced tech- 
nology combustors indicate that significant reductions in all major pollutant 
emissions should be attainable in present-generation aircraft gas turbine 
engines without adverse effects on fuel consumption. Preliminary test results 
from fundamental studies indicate that extremely low emission combustion sys- 
tems may be possible for future-generation jet aircraft. 


128. Rudey, Rlohard A.; and Lczberg, Erwin A.: Status of NASA Aircraft Engine 

Emission Reduction and Upper Atmosphere Measurement Programs. Aircraft 
Safety and Operating Problems, NASA SP-*I16, 1976, pp, 319-336, 

NASA is conducting programs to evaluate advanced emission reduction tech- 
niques for five existing aircraft gas turbine engines. Varying degrees of 
progress have been made toward meeting the 1979 EPA standards in rig tests of 
combustors for the five engines. Results of fundamental combustion studies 
suggest the possibility of a new generation of jet engine combustor technology 
that would reduce oxide3-of~nltrogen (N0 X ) emissions far below levels currently 
demonstrated in the engine-related programs. The Global Air Sampling Program 
(GASP) is now in full operation and. is providing data on constituent measure- 
ments of ozone and other minor upper-atmosphere species related to aircraft 
emissions. 


NASA Contractor Reports 


Engine Studies 


129. Sabatella, J. A. , 
NASA CR-1 3^633, 


ed.: Advanced Supersonic Propulsion Study Final Report. 

1974. 
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130 . f zc>r R.; and Allan, R. D,; Advanced Supersonic Technology Propulsion 
/oUjbi Study - Final Report. NASA CR— 1 H363 1 ! > 197'L 


131. Allan, R.i Advanced Hup or conic Technology Propulnion System Study - 
Phase II Final Report. NASA CR-1 3 J *91 3 , 1 975 . 


13P. Howlett, R. A.; Sabatolla, J. ; Johnson , J. ; and Aronstamra , G.: Advanced 

Supersonic Propuloion Study - Phaoo II Final Report. NASA GR-13A90A, 
1975. 


133. Trucco, Horaoio: Study of Variable Cycle Engines Equipped With Supersonic 

Fano. NASA CR- 13*777, 1975. 


No inn 


13*1. Beulke, M. R. ; Clapper, W. S. ; McCann, E. 0.; and Moroz umi , H. M. : A 

Forward Speed Effeoto Study on Jet Noise From Several Suppressor Nozzles 
in the NASA/Ames HO— bv 80-Foot Wind Tunnel - Final Report. NASA 
CR-11W1, 1974, 


135. Chun, K, S.; Berman, C. H. ; and Cowan, S. J,: Effects of Motion on Jet 

Exhaust Noise From Aircraft. NASA CR-2701, 1976. 

The various problems involved in the evaluation of the jot noise field 
prevailing between an observer on the ground and an aircraft in flight .in a 
typical take-off or landing approach pattern were studied by the Boeing Commer- 
cial Airplane Company. Areas examined include (1) literature survey and pre- 
liminary investigation, (2) propagation effects, (3) source alteration effects, 
and (A) investigation of verification techniques. Sixteen problem areas were 
identified and studied. The results and the proposed follow-on programs provide 
a practical general technique for predicting flyover jet noise for conventional 
jet nozzles. 


136. Jaeck, Carl L. : Static and Wind Tunnel Near-Field/Far-Field Jet Noise 

Measurements From Model Scale Single-Flow Baseline and Suppressor 
Nozzles. Volume 1: Noise Source Locations and Extrapolation of Static 

Free-Field Jet Noise Data. NASA CR-137913, 1976. 


137. Jaeck, Carl L, : Static and Wind Tunnel Near-Field/Far-Field Jet Noise 

Measurements From Model Scale Single-Flow Baseline and Suppressor 
Nozzles. Volume 2: Forward Speed Effects. NASA CR-1 3791 H , 1976. 
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138. Kozlowski, Hilary; and Packman, Allan B,; Aerodynamic and Acoustic Testa 
of Duct-Burning Turbofan Exhaust Nozzles. NASA CR-2628, 1976. 

This experimental program conducted by Pratt & Whitnoy Aircraft established 
the static aerodynamic and acoustic characteristics of duct-burning turbofan 
(DBTF) exhaust nozzlos. Scale modols simulating unsuppressed coannular nozzles 
and meohonically suppressed nozzles with and without ejectors (hardwall and 
acoustically troatod) were tested in a quiescent environment. Far-fiold acous- 
tio data, perceived noise levels, and thrust measurements were obtained for 
417 test conditions. Jet noise reductions relative to synthesized prediction 
from 8 PNdB (with tho un3upprossod coannular nozzle) to 15 PNdB (with a mechani- 
cally suppressed configuration) wore observed at conditions typical of engines 
boing considered under the Advanced Supersonic Technology Program. The inherent 
suppression characteristic of the unsuppressed coannular nozzle is related to 
the rapid mixing in tho jet wake caused by the velocity profiles associated with 
the DBTF. Since this can be achieved without a mechanical suppressor, signifi- 
cant reductions in aircraft weight or noise footprint can bo realized. 


139. Lookheed-Georgia Co.: Effeots of Forward Volooity on Turbulent Jet Mixing 

Noise. NASA CR-2702, 1976. 

Flight simulation experiments were conducted by the Lockheed-Georgia 
Company in an anechoic free jet facility over a broad range of model and free 
jet velocities. The resulting scaling laws were in close agreement with scaling 
laws derived from theoretical and semiempirical considerations. Additionally, 
measurements of tne flow struoture of jets were made in a wind tunnel by using 
a laser velocimeter. These tests were conducted to describe the effects of 
velocity ratio and jet exit Mach number on the development of a jet in a ooflow- 
ing stream. 


140. Strout, Frank G.: Flight Effects on Noise Generated by the JT8D-17 Engine 

in a Quiet Nacelle and a Conventional Nacelle as Measured in the NASA- 
Ames 40- by 80-Foot Wind Tunnel. NASA CR-137797, 1976. 


141. Strout, Frank G.: Flight Effects on Noise Generated by the JT8D-17 Engine 

in a Quiet Nacelle and a Conventional Nacelle as Measured in the NASA- 
Ames 40- by 80-Foot Wind Tunnel - Summary Report. NASA CR-2576, 1976. 

A JT8D-17 turbofan engine was tested in the NASA Ames 40- by 80-Foot Wind 
Tunnel by the Boeing Commercial Airplane Company to determine flight effeots 
on Jet and fan noise. Baseline, quiet nacelle with 20-lobe e jector/ suppressor , 
and internal mixer configurations were tested over a range of engine power 
settings and tunnel velocities. Flight effects derived from the 40- by 80-Foot 
Wind Tunnel teat are compared with 727/JT8D flight-test data and with model 
data obtained in a smaller wind tunnel. Noise results compare favorably for 
both the baseline and quiet nacelle configurations. 
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1*12, Shields, F. Douglas; and Bans, H. E,: Atmospheric Absorption of High 

Frequency Noiso and Application to Fraoblonal-Ootnve Bands. NA3A 
CR-2760 , 1977. 

Puro tone sound absorption coefficients hayo boon measured at 1/12 octave 
intervals from 4 kHz to 100 kHz at 5.5° K temporaturo intervals between 225.4° K 
to 310.9° K and at 10 percent relative humidity increments between 0 percent 
to saturation. Tho measurements wore made by Mississippi University in a largo 
cylindrical tubo (25.4 cm i.d. by 4,0 ra long), The absorption was measured by 
varying the transmitter receiver ;oparation from 1 m to 4 m and observing the 
decay of multiple reflections or changes in amplitude of tho first received 
burst. The resulting absorption was compared with a proposed procedure for 
computing sound absorption in still air and the agreement was found to bo quite 
good. A recommended prediction procedure is described for 1 /3-octavo-band 
absorption coefficients. 


Inlet Stability Valve 

143. Blausey, G. C,; Coleman, D. M.; and Harp, D, S.: Feasibility Study of 

Inlet Shock Stability System of YF-12. NASA CR-1 34594, 1972. 


Pollution Reduction 

144, Bahr, D. W. ; and Gleason, C. C.; Experimental Clean Combustor Program 
Phase I Final Report. NASA CR-1 34737, 1975. 


145. Roberts, P. B.; White, D. J,; and Shekleton, J. R.: Advanced Low N0 X 

CombU3tor3 for High-Altitude Supersonic Aircraft Gas Turbines. NASA 
CR-1 34809 , 1975. 


146. Roberto, R.; Peduzzi, A.; and Vitti, G. E.: Experimental Clean Combustor 

Program, Phase I. NASA CR-1 34736, 1975. 


147. Roffe, Gerald; and Ferri, Antonio: Prevaporization and Premixing To Obtain 

Low Oxides of Nitrogen in Gas Turbine Combustors. NASA CR-2495, 1975. 

Test3 were conducted by Advanced Technology Laboratories, Ino. to deter- 
mine the effectiveness of prevaporization and preraixlng in reducing the forma- 
tion of oxides of nitrogen in a gas turbine type combustor using liquid JP-5 
fuel at the supersonic cruise condition. The combustor inlet temperature was 
833 K at a pressure of 4 atm and a reference velocity of 46 m/sec. An order 
of magnitude reduction in nitric oxide emissions wa3 achieved. Nitric oxide 
emission indices as low as 0.6 g NOg/kg fuel were measured. 




148. Roffo, Gerald; and Ferri, Antonio! Effect of Premixing Quality on Oxides 
of Nitrogon in Gao Tucbino Combuntoro. NASA CR-2657 , 1976. 

Experiment!! were eonduoted by General Applied Seieneo Laboratories i Inc. 
to determine the offeotivenoao of oeveral premixing provaporizing gaa turbine 
combustor dooigna in reducing formation of oxido3 of nitrogen at the ouporaonic 
cruise condition. An atomized opray from a single injector mounted on the axis 
of the mixer tube produced a high Initial concentration of fuel near the axis 
and only modorato premixod conditions ontering the combustor, A fuol spray 
produced by 12 flush-mounted normal injection orifices in the mixer tube wall 
produced a good initial dispersion of fuol and resulted in nearly complote 
prefixing. 


Materials 

149. Cornie, J. A,; Cook, C. S.; and Andersoon, C. A.: Fabrication Process 

Development of SiC/Superalloy Composite Sheet for Exhaust System 
Components. NASA CR-1 34958, 1976. 


Artioles, Meetings, an_d_ Company Reports 
Engine Studies 

150. Hines, Richard W,; and Sabatolla, Joseph A.: Benefits of Advanced 

Propulsion Technology for the Advanced Supersonic Transport, 
[Preprint] 730896, Soe. Automot, Eng., Oot. 1973. 


151. Hines, Richard W.; and Sabateila, Joseph A.: Influence of Noise Con- 

straints on Supersonic Transport Engii e Design, AIAA Paper No. 73-1895, 
Nov, 1973. 


152. Szoliga, R.! Development of Paramotricized Computations for AST Study 
Engines. [Preprint] 730895, Soe. Automot. Eng., Oot. 1973* 


153. Howlett, Robert A.! Engine Design Considerations for ;,nd Generation 

Supersonic Transports. [Preprint] 750628, Soc. Automot. Eng., May 1975. 


154. Howlett, Robert A.; and Kozlowoki, Hilary: Variable Cycle Engines for 

Advanced Supersonic Transports. [Preprint] 751086, Soe. Automot. Eng., 
Nov. 1975. 


155. Klees, G. W. ; and Welliver, A. D.; Variable-Cycle Engines for the Second 
Generation SST. [Preprint] 750630, Soc. Automot. Eng., May 1975. 
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1‘>b, Johnson i J. E. : Variable Cycle 

EvolutionV AIAA Paper No. Y6« 


Kngines - The Next Stop In Propulsion 
768, -Inly 1976. 


167. 


tfohor, Richard «J,: NASA Propulsion Research 

Aircraft. Astronaut. & Aeronaut., vol. I 1 !, 


for Supersonic Cruise 
no. 0, May 1976, pp, 


38-46. 


160. Well Ivor, R,: Engine Airframe Optimization Han Yet To Be Done. Design 

Conference ProcoodinRO - Technology for Supersonic Cruise Military Air- 
craft, Volume I, AFFDL-TR-77-06, Vol. I, O.S. Air Force, 1976. 


169. Willis, Ii. A.; and Welliver, A. D . : Variable-Cycle Engine.') for Supersonic 

Cruising Aircraft. AIAA Paper No. 76-769, July 1976. 


160. Payzer, Robert J.: Variable Cycle Engine Application.') and Constraint.'). 

Var able Geometry and Multicycle Engines, AGARD-CP-206, Mar. 1977, 

PP. 13-1 - 13-13. 


161, Willis, Edward: Variable-Cycle Engines for Supersonic Cruise Aircraft. 

Variable Geometry and Multicycle Engines, AGARD-CP-206, Mar. 1977, 

pp, 7_i _ 7-19, 


Noise 

162. Atenci'™, Adolph, Jr.; and Soderman, Paul T,: Comparison of Aircraft Noise 

Measured in Flight Test and in th: NASA Ames 40- by 80-Foot Wind Tunnel. 
AIAA Paper No. 73-1047, Oct. 1973. 


163. Soderman, Paul T.; and Noble, Stephen C.: Directional Microphone Array 

for Acoustic Studies of Wind Tunnel Models. J. Aircr. , vol. IP, no. 3, 
Mar. 1975, pp. 168-173. 


164. Soderman, Paul T.: Instrumentation and Techniques for Acoustic Research 

in Wind Tunnels. ICIASF '75 Record, IEEE Publ . 75 CHO 993-6 AES, 
pp. 270-276. 


165. Bass, H. E.; Shields, F. D,; and Bolen, L. N.; Absorption of Sound in 

Moist Air. J. Aeouut, Soc. America, vol. 59, suppl . no. 1, Spring 1976, 
pp. S92-S93. 


166, Koalowski, H,; Packman, A. B,; and Gutierrez, 0.: Aeroaeoustic Perfor- 

mance Characteristics of Di„t Burning Turbofan Exhaust Nozzles. AIAA 
Paper No. 76-148, Jan. 1976. 
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167. Morfey, Christopher L.; and Tester, Brian J,: Noise Measurements in a 

Froo-Jet, Flight Simulation Faolllty: Shear Layer Refraction and 

Faoi llty-to-Flight Corrections. AIAA Paper No. 76—531 * duly 1976. 


168. Morris, Philip J.: Turbulenoe Measurements in Sub3onio and Supersonia 

Axl3ymmetrio Jets in a Moving Stream. AIAA Paper No. 76-25, Jan. 1976. 


169. Packman, A, B.; Kozlowski, H.; and Gutierrez 0.: Jet Noise Character- 

istics of Unsuppressed Duct Burning Turbofan Exhaust System. AIAA 
Paper No. 76-1*19, Jan. 1976. 


170, Shields, F. D,; Bolen, L, N . ; and Bass, H. E.: Pulse Method for Measuring 

Sound Absorption in the Kilohertz Range. J. Aooust, Soc. America, 
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172. Tanna, H, K.; and Morris, P. J.: Inflight Simulation Experiments on 

Turbulent Jet Mixing Noise. AIAA Paper No. 76-55*1, July 1976. 
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173. Cole, Gary L.; Dustin, Miles 0.; and Neiner, George H.: A Throat-Bypass 
Stat'lity System Tested in a YF-12 Inlet. J. Aircr, , vol. 14, no. 1, 
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Pollution Reduction 

174. Overcamp, T. J.; and Fay, J. A.: Dispersion of SST Trails in the 

Stratosphere. AIAA Paper No. 72-650, June 1972. 


175. Appleton, John P.: Soot Oxidation Kinetics at Combustion Temperatures. 
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pp. 20-1 - 20-11. 


176, Flagan, Richard C.; and Appleton, John P,: A Stochastic Model of Turbu- 
lent Mixing With Chemical Reaction: Nitric Oxide Formation in a Plug- 

Flow Burner. Publ. No. 73-10, Fluid Mech, Lab,, Massachusetts Inst. 
Technol. , Deo. 1973. 


38 
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Materials 
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STRATOSPHERIC EMISSIONS IMPACT 


NASA Inhouao Repor ts 

185. Holdeman, Jamea D.: Dispersion of Turbojot Engine Exhaust in Flight. 

NASA TN D-7382, 1973. 

The disperaion of the oxhauat of turbojet engines into the atmosphere ia 
estimated by using a modol developed for tho mixing of a round jet with a 
parallel flow. Calculations of the dispersion of the exhaust plumes of three 
aircraft turbojet engines with and without afterburning at typical flight con- 
ditions are presented. Calculated average concentrations for the exhaust plume 
from a single engine jet fighter are shown to be in good agreement with measure- 
ments made in the aircraft wake during flight. 


186. Holdeman, James D. : Emission Calibration of a J-58 Afterburning Turbo jot 

Engine at Simulated Supersonic, Stratospheric Flight Conditions. NASA 
TM X-71571, 1974. 

Emissions of total oxides of nitrogen, unburned hydrocarbons, and carbon 
monoxide from a J-58 engine at simulated flight conditions of Mach 2.0, 2.4, 
and 2.8 at an altitude of 19.8 km are reported. For each flight condition, 
measurements were made for four engine power levels from maximum power without 
afterburning to maximum afterburning. These measurements were made 7 cm down- 
stream of the engine primary nozzle using a single point traversing gas sample 
probe. Results show that emissions vary with flight speed, engine power level, 
and with radial position across the exhaust. 


187. Holdeman, Jamas D.: Gaseous Exhaust Emissions From a J-58 Engine at Simu- 

lated Superson'c Flight Conditions. NASA TM X-71532, 1974. 

Emissions of total oxides of nitrogen, unburned hydrocarbons, carbon mon- 
oxide, and carbon dioxide from a J-58 engine at simulated flight conditions of 
Mach 2.0, 2.4. and 2.8 at an altitude of 19.8 km are reported. For each flight 
condition, measurements were made for four engine power levels from maximum 
power without afterburning to maximum afterburning. 


188. Wong, E. L.; and Bittker, David A.: Effect of Pollutant Gases on Ozone 

Production by Simulated Solar Radiation. NASA TM 1-71573, 1974, 

Experiments using simulated solar radiation in a chamber with a controlled 
atmospheric pressure near 1 atm were conducted to evaluate O 3 production. The 
effects of CO and H 2 0 were analyzed to determine if the CO and H 2 0 addition 
could reduce NO destruction of O 3 , The results show that NO is destroyed while 
destroying O 3 . 



189. Von Thiina, Peter C.: Tuneable Diode Laser Spectrometer With Integral 

Grating. NAHA Tech Brief B75-10262, 1975. 

A novel optical arrangement wan developed during a design study for an 
airborne infrared .spectrometer by ualng tuneable laser diodes, A grating in 
used in place of one of the required folding mirrorn and in thus made an 
integral part of the optical ayatem. 


190. Holdeman, Jaraea D.: Exhaust Emission Calibration of Two J-58 After- 

burning Turbojet Engines at Simulated High-Altitude, Supersonic) Flight 
Conditions. NASA TN D-8173, 1976. 

Emissions of total oxides of nitrogen, nitric oxide, unburned hydrocarbons, 
carbon monoxide, and carbon dioxide from two J-58 afterburning turbojet engines 
at simulated high-altitude flight conditions are reported. Tost conditions 
included flight speeds from Macs 2 to 3 at altitudes from 16.0 to 23.5 km. 
Oxides of nitrogen emissions decreased with increasing altitude and increased 
with increasing flight speed. Oxides of nitrogen emission indices with after- 
burning were less than half the value without afterburning. Carbon monoxide 
and hydrocarbon emissions increased with increasing altitude and decreased with 
increasing flight speed. Emissions of these species were substantially higher 
with afterburning than without. 


191. Holdeman, James D,: Measurement of Exhaust Emissions From Two J-58 Engines 

at Simulated Supersonic Cruise Flight Conditions. NASA TM X— 7 1 826 , 

1976. 

Emissions of total oxides of nitrogen, unburned hydrocarbons, carbon mon- 
oxide, and carbon dioxide from two J-58 afterburning turbojet engines at simu- 
lated high-altitude flight conditions are reported. Test conditions included 
flight speeds from Mach 2 to 3 at altitudes from 16 to 23 km. The data show 
that exhaust emissions vary with flight speed, altitude, power level, and radial 
position across the exhaust. Oxides of nitrogen (N0 X ) emissions decreased with 
increasing altitude and increased with increasing flight speed. Carbon monoxide 
and hydrocarbon emissions increased with Increasing altitude and decreased with 
increasing flight speed. Emissions of these species were substantially higher 
with afterburning than without. 


192. Broderick, Anthony J.; and Krull, Nicholas P,: Considerations of High 

Altitude Emissions. Proceedings of the SCAR Conference - P' "t 2, NASA 
CP-001, [1977], pp. 565-574. 

This paper describes the status of the Federal Aviation Administration's 
High Altitude Pollution Program, which was instituted in 1976 to develop the 
detailed quantitative information needed to judge whether regulatory action to 
limit such emissions would be necessary. The complexities of this question and 
the nature and magnitude of uncertainties still present in our scientific under- 
standing of the potential interactions between aircraft exhaust emissions and 



fltratospherlo ozone and olimate aro reviewed. The direction and scope of 
future federal and international activities are described. 


193. Reok, Gregory M.; and Rudey, Richard A.: Technology for Controlling 

Emissions of Oxides of Nitrogen From Supersonic Cruise Aircraft. 
Proceedings of the SCAR Conference - Part 2, NASA CP-001, [l977] , 
pp. 543-564. 

Various experiments have been and continue to be sponsored by and conducted 
by the NASA Lewis Research Center to explore the potential of advanced combus- 
tion techniques for controlling aircraft engine emissions into the upper atmo- 
sphere. Of particular concern are the oxides of nitrogen (NO x ) emissions into 
the stratosphere. The experiments utilize a wide variety of approaches varying 
from advanced combustor concepts to fundamental flame-tube experiments. Results 
are presented which indicate that substantial reductions in cruise N0 X emissions 
should be achievable in future aircraft engines. 


NASA Contractor Reports 

194. Von Thiina, Peter C.: Design Study for an Airborne Infrared Spectrometer 

Using Tuneable Laser Diodes. ADL C-76976 (Contract No. NAS1-13045), 
Arthur D. Little, Inc., Nov. 1974, (Available as NASA CR-145100.) 


195. Von Thiina, Peter C.: Design of an Airborne Laser Spectrometer. NASA 

CR-145131, 1977. 


Articles, Meetings, and Company Rep - ts 

196. Allario, Frank; Seals, R. K,, Jr.; Brockman, Philip; and Hess, R. V.: 
Tunable Semiconductor Lasers and Their Application to Environmental 
Sensing. Paper presented at 10th Anniversary Meeting of the Society of 
Engineering Science (Raleigh, N.C.), Nov. 5-7, 1973. 


197. Anderson, J. G.; and Kaufman, F.: Kinetios of the Reaction 

OH (\> = 0) + 0q HO 2 + O 2 . Chem. Phys. Lett., vol. 19, no. 4, 
Apr. 15, 1973, pp. 483-486. 


198. Anderson, J. G.; Margitan, J. J.j and Kaufman, F.: Gas Phase Recombi ,ation 

of OH With NO and NOg. J. Chem, Phys., vol. 60, no. 8, Apr. 15, 1974, 
pp. 3310-3317. 


199. Brockman, Philip; and Seals, R. K., Jr.: Analysis of Laser Measurement 

of High-Altitude Aircraft Emissions. AIAA J. , vol. 12, no 5, May 1974, 
pp. 651-655. 



200. Farlow, N. H. ; Watson, V. R . ; Loewenstein, M.; Chan, K. L.; Hoshizaki, H.; 
Conti, R. J.; and Meyer, J. W,: Measurements of Super sonic Jet Aircraft 

Wakes in the Stratosphere. Second International Conference on the 
Environmental Impact of Aerospace Operations in the High Atmosphere - 
Preprints, Amerloan Meteorolog. Soc,, July 1974, pp. 53-58. 


201. Farmer, C. B.: Infrared Measurements of Stratospheric Composition. 

Canadian J. Chem. , vol. 52, no. 8 <pt. 2), Apr. 15, 1974, pp. 1544-1559. 


202. Holdeman, James D.: Dispersion and Dilution of Jet Aircraft Exhaust at 

High-Altitude Flight Conditions. AIAA Paper No. 74-41, Jan. -Feb. 1974. 


203. Margitan, J. J.; Kaufman, F.; and Anderson, J. G.: The Reaction of OH 

With CHjj. Geophys. Ro". Lett., vol. 1, no. 2, June 1974, pp. 80-81. 


204. Zahniser, M. S.; Kaufman, F,; and Anderson, J* G.: Kinetics of the 

Reaction of OH With HC1. Chem. Phys. Lett., vol. 27, no. 4, Aug. 15, 
1974, pp. 507-510. 


205. Kaufman, Frederick: Hydrogen Chemistry: Perspective on Experiment and 

Theory. Atmospheres of Earth and the Planets, B. M. McCormac, ed., 

D. Reidel Pub. Co., c.1975, pp. 219-232. 


206. Margitan, J. J.; Kaufman, F.; and Anderson, J. G.: Kinetics of the 

Reaction OH + D **■ 0D + H. Chem. Phys. Lett., vol. 34, no. 3, Aug. 1, 
1975, pp. 485-489. 


207. Margitan, J. J.; Kaufman, F.; and Anderson, J. G.: Kinetios of the 

Reaction OH + HNO3 *>• H£0 + NO3. Chemical Kinetics Data for the Upper 
and Lower Atmosphere, Int. J. Chem. Klnet. Symp. No. 1, 1975, 
pp. 281-287. 


208. Anderson, J. G. j Margitan, J. J. ; Zahniser, M. S,; and Kaufman, F.: 

Laboratory Studies of Stratospheric OH and Cl Reactions. Proceedings 
of the Fourth Conference on the Climatic Impact Assessment Program, 
DOT-TSC-OST-75-38, U.S. Dep. Transp., 1976, pp. 366-370. 


209. Braithwaite, M. ; Ogryzlo, E. A.; Davidson, J. A,; and Schiff, H. I.: 

OgpEg) Relaxation in Collisions. Temperature Dependence of the Inter- 
action With HBr. Chem. Phys. Lett,, vol. 42, no. 1, Aug. 15, 1976, 

pp. 158-161. 
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210. Braithwaite, Martin; Ogryzlo, E. A.; Davidson, <J. A.; and Schiff, H. X.: 
02 (^g) Relaxation in Collisions. Part 2. - Temperature Dependenee of 
the Relaxation by Hydrogen. J. Chom, Soc., Faraday Tran3, II, vol. 72, 
pfc. 11, 1976, pp. 2075-20B1. 


211. Davidson, J. A.; Sadowski, C. M,; Schiff, H. X.; Stroit, G. E.; Howard, 
Carleton J.; Jennings, D, A.; and Sohmeltekopf , A. L.: Absolute Rate 

Constant Determinations for the Deactivation of 0( 1 D) by Time Resolved 
Decay of OOD) •+■ 0(3p) Emission. J. Chera. Phys., vol, 64, no. 1, 

Jan. 1, 1976, pp. 57-62. 


212. Davidson, J, A.; Schiff, H. I.; Streit, G. E. ; Sohmeltekopf, A. L.; and 
Howard, Carleton, J.: Temperature Dependence of 0( ^ D ) Reactions of 

Atmospheric Importance. The 12th Informal Conference on Photochemistry - 
Extended Abstracts, Natl. Bur. Stand., U.S. Dep. Commer., June-July 1976. 


213. Farmer, C. B,; Raper, 0. F.; and Norton, R. H.: Spectroscopic Detection 

and Vertical Distribution of HC1 in the Troposphere and Stratosphere. 
Geophys. Res. Lett., vol. 3, no. 1, Jan. 1976, pp. 13-16. 


214. Holdeman, J. D.: Measurement of Exhaust Emissions From Two J-58 Engines 

at Simulated Supersonic Cruise Flight Conditions. Paper 76-GT-8, 
American Soc. Mech. Eng., Mar. 1976. 


215. Menzies, R. T.; Allario, F.; Duewer, D.; Gjessing, D. T.; Giirs, K.; 

Little, C. G.; Lund, T.; Nordji, J. ; Ottar, B.; Peokham, G. E. ; and 
Rothe, K. W.: Working Group Reports - Global and Regional Monitoring 

From Airborne and Satellite Platforms. Opt. & Quantum Electron., 
vol. 8, no. 2, Mar. 1976, pp. 1 85—1 87 * 


216. Streit, G. E,; Howard, Carleton J.; Sohmeltekopf, A. L.; Davidson, J. A.; 
and Sohiff, H. I.: Temperature Dependence of 0(^D) Rate Constants for 

Reactions With 0 2 , N 2 , C0 2 , O 3 , and H 2 0. J. Chem. Phys., vol. 65, 
no. 11, Dec. 1 , 1976, pp. '4761-4764 . 


217. Zahniser, M. S.; Kaufman, F.; and Anderson, J. G.j Kinetics of the 
Reaction Cl + O 3 + CIO + 0 2 . Chem. Phys. Lett., vol. 37, no. 2, 
Jan. 15, 1976, pp. 226-231.' 



STRUCTURES AND MATERIALS 
N ASA Inhouse Repor ts 
Structure Concept:) Stud ion 

218. Cooper, Paul A.; and Heldenfels, Richard R.: NASA Research on Structures 

and Materials for Supersonic Cruise Aircraft. NASA TM X-72790, 1976. 

The technology and data base necessary for sound technical decisions 
regarding long-haul supersonic cruise aircraft transportation systems are con- 
sidered. The objectives and status of the research elements in the structures 
and materials phase of the program are reviewed. Emphasis is placed on reduc- 
tions in structural mass by research on advanced structural concepts, light- 
weight materials, improved loads, aeroelaotic predictive techniques, and by 
development of efficient structural design procedures. 


219. Sakata, I. F, ; and Davis, G. W. : Advanced Structures Technology Applied 

to a Supersonic Cruise Arrow-Wing Configuration. Proceedings of the 
SCAR Conference - Part 2, NASA CP-001, [1977], pp. 603-636. 

The application of advanced technology to a promising aerodynamic configu- 
ration was explored to investigate the improved payload-range characteristics 
over the configuration postulated during the National SST Program. Highlighted 
are the results of an analytical 3tudy performed by the Lockheed-California 
Company to determine the best structural approach fo design of a Mach num- 
ber 2.7 arrow wing supersonic cruise aircraft. The data from this study, con- 
ducted under the auspices of NASA, established firm technical ba3e3 from which 
further trend studies were conducted to quantitatively assess the benefits and 
feasibility of using advanced structures technology to arrive at a viable 
advanced supersonic cruise aircraft. 


220. Sobieszczanski, Jaroslaw; McCullers, L. Arnold; Ricketts, Rodney H. ; 

Santoro, Nick J. ; Beskenis, Sharon D.; and Kurtze, William L. : Struc- 

tural Design Studies of a Supersonic Cruise Arrow Wing Configuration. 
Proceedings of the SCAR Conference - Part 2, NASA CP-001, [1977] , 
pp. 659-683. 

Structural member cross sections were sized with a system of integrated 
computer programs to satisfy strength and flutter design requirements for sev- 
eral variants of the arrow wing supersonic cruise vehiole. The resulting 
structural weights provide a measure of the structural efficiency of the plan- 
form geometry, structural layout, type of construction, and type of material, 
including composites, 

A study was conducted at Langley Research Center to determine the material 
distribution for a baseline metallic structure. A study was performed on a 
reduced wing area configuration. The use of composite materials on the base- 
line configuration was explored. 
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221, Turner, M, J.; and Hoy, J. M.: Titanium and Advanced Composite Structures 

*’or a Supersonic Cruise Arrow Wing Configuration, Proceedings of the 
SCAR Conference - Part 2, NASA CP-001, [l977j, pp. 579-602. 

Two structural design studies were made by the Boeing Commerical Airplane 
Company based on current technology and on an estimate of technology to be 
available in the mid-1980's to assess the relative merits of structural concepts 
and materials for an advanoed arrow-wing configuration cruising at Mach 2,7. 
Material and ooncept selection, detailed structural analysis, structural design, 
and airplane mass analysis were completed for the first study based on current 
technology. In the seoond study, based on estimated future technology, struc- 
tural sizing for strength and a preliminary assessment of the flutter of a 
strength designed composite structure were completed. In both studies, an 
advanced computerized structural design system was used in conjunction with a 
relatively complex finite element model for detailed analysis and sizing of 
structural members. 


Structure Technology 

222. Haftka, Raphael T.; and Starnes, James H., Jr.: WIDOWAC (Wing Design 

Optimization With Aeroelastic Constraints): Program Manual. NASA 

TM X-3071, 197*1. 

User and programer documentation for the WIDOWAC programs is given. 
WIDOWAC may be used for the design of minimum mass wing structures subjected 
to flutter, strength, and minimum gage constraints. The wing structure is 
modeled by finite elements; flutter conditions may be both subsonic and super- 
sonic; and mathematical programing methods are used for the optimization pro- 
cedure. Program input and output are described, and example problems are pre- 
sented. A discussion of computational algorithms and flow charts of the 
WIDOWAC programs and major subroutines is also given. 


223. Adelman, Howard M.; Wal3h, Joanne L.; and Narayanaswami , R.: An Improved 

Method for Optimum Design of Mechanically and Thermally Loaded 
Structures. NASA TN D-7965, 1975. 

The problem of obtaining the minimum mass design of mechanically and ther- 
mally loaded structures is presented. The special nature of thermal stresses 
with regard to their response to resizing of structural members is discussed. 

An improved algorithm for resizing of structures subjected to thermal stresses 
is presented. The mechanical portions of the stresses were driven to their 
maximum allowable values. The new algorithm was exercised for a number of truss 
structures of varying complexity and compared with ordinary fully stressed 
design. 



224. Adelman, Howard M.; and Narayanaswami, R.: Resizing Prooeduro for Optimum 

Design of Structures Under Combined Mechanical and Thermal Loading. 

NASA TM X-72816, 1976. 

An algorithm is reported for resizing structures that are subjected to 
combined thermal and meohanical loading. The algorithm is applicable to uni- 
axial stress elements (rods) and membrane biaxial stress members. Thermal fully 
stressed design (TFSD) is based on the basic difference between mechanical and 
thermal stresses in their response to resizing. The TFSD technique is found to 
converge in fewer iterations and demonstrated its improvement with a 3tudy of a 
simplified wlr.g structure, built-up rods and membranes, and subjected to a com- 
bination of mechanical loads and a three-dimensional temperature distribution. 


225. Atta, E. H.; Kandil, 0. A,; Mook, D. T.; and Nayfeh, A. H,: Unsteady 

Flow Past Wings Having Sharp-Edge Separation. Vortex-Lattice 
Utilization, NASA SP-405, 1976, pp. 1107-418. 

A vortex- lattice technique is developed to model unsteady, incompressible 
flow past thin wings. This technique predicts the shape of the wake os a func- 
tion of time; thus, it is not restricted by planform, aspect ratio, or angle of 
attack as long as vortex bursting does not occur and the flow does not separate 
from the wing surface. Moreover, the technique can be applied to wings of 
arbitrary curvature undergoing general motion; thus, it can treat rigid-body 
motion, arbitrary wing deformation, gusts in the free stream, and periodic 
motions. 

Numerical results are presented for low aspect rectangular wings under- 
going a constant-rate, rigid-body rotation about the trailing edge. The results 
for the unsteady motion exhibit hysteretlc behavior. 


226. Kandil, Osama A.; Mook, Dean T.j and Nayfeh, Ali H.: New Convergence 

Criteria for the Vortex-Lattice Models of the Leading-Edge Separation. 
Vortex-Lattice Utilization, NASA SP-405, 1976, pp. 285-300. 

Predicted pressure distributions have some irregularities which are the 
result of discrete vortex lines coming close to the lifting surface. Here it 
is shown that one can eliminate these irregularities and predict pressure dis- 
tributions which agree fairly wall with experimental data by replacing the sys- 
tem of discrete vortex lines with a single concentrated core. Thi3 approach 
has the additional desirable feature of requiring less computational time. 


227, McGehee, John R.; and Carden, Huey D.: A Mathematical Model of an Active 

Control Landing Gear for Load Control During Impact and Roll-Out. NASA 
TN D-8080, 1976. 

A mathematical model of an active control landing gear (ACOLAG) was 
developed and programed for operation on a digital computer. The mathematical 
model includes theoretical subsonic aerodynamics; first-mode wing bending and 
torsional characteristics; oleopneumatic shock strut with fit and binding 
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friction; closed-loop, series-hydraulic control; empirical tiro foreo-defieoUon 
characteristics; antiskid braking; and sinusoidal or random runway roughness. 
Computed results for the norion-hydranl io aotive control in conjunction with 
tho aimply modified paaaivo gear a how that 20- to 30-poreent reductions in wing 
force rolativo to thoao occurring with the modified passive gear can bo obtained 
during the impact phaao of the landing. 


220, MoWithey, Robert R.; Analytical Structural Efficiency Stud inn of Domic/ 
Aluminum Compression Panola. NASA TN D-0333, 1976* 

Analytically determined maaa-otrength curves, strain-strength eurvea, and 
dimenaiona are prenented for atruoturally efficient hut-stiffened panda, 
corrugation-otiffenod panela, hat-atiffonod honeycomb-corn sandwich panels, 
open-aection corrugation panel:;, and honeycomb-coro nandwich panoln. The panda 
were aaoumed to be fabricated from either titanium, Doralc/alumlnura, or a combi- 
nation of thoae materials. Reaulta indicate Boraic/aluminum panda and titanium 
panela reinforced with Boraic/aluminum are lighter and ntiffer than comparably 
doaigned titanium panela. Furthermore, reinforced titanium panda have the name 
extensional stiffneoa aa comparably doaigned Boraic/aluminum panela. For a 
given load, tho atructural efficiency of the hat-stiffened honeycomb-core 
aandwioh panel ia higher than the atructural efficiency of tho other otiffoned 
panela. 


229. Ruhlin, Charlea L.; Doggett, Robert V., Jr.; and Gregory, Richard A.: 
Geared-El evafcor Flutter Study. NASA TM X-73902, 1976. 

A atudy waa made of the tranaonic flutter characteristics of a supersonic 
transport tail aaaerably model having an all-movable horizontal tail with a 
geared elevator. Two model configuration:;, namely, one with a geared elevator 
(2.8 to 1.0 gear ratio) and one with locked elevator (1.0 to 1.0 gear ratio), 
were flutter tested in the Langley tranaonic dynamics tunnel with an empennage 
that waa cantilever mounted on a atlng. The goared-devator configuration 
fluttered experiment illy at dynamic pressures about 20 percent higher than the 
locked-elevator configuration. A comparison of the experimental and analytical 
reaulta shows that the diacreto-elevator method predicted beat the experimental 
flutter dynamic preanure level. However, the single warped-surface method pre- 
dicts more closely the experimental flutter frequencies and Mach number trends. 


230, Giles, Gary L.j Computer-Aided Methods for Analysis and Synthesis of 
Supersonic Cruise Aircraft Structures. Proceedings of the SCAR 
Conference - Part 2 , NASA CP-MM, [1977], pp. 637-657. 

The design and analysis of proposed supersonic cruise airera structures 
have requred extensive use and new development of computer-aided methods. This 
paper reviews computer-aided methods which have been and are being developed 
by Langley Research Center inhouse work and by related grants and contracts. 
Synthesis methods to size structural members to meet strength and stiffness 
(flutter) requirements have been emphasized in this work and are described. 
Because of the strong interaction among the aerodynamic loads, structural 



ntiffncsn , find member .sizes of supersonic eruise aircraft structures, thorn.: 
methods have boon combined into systems of computer program.*) to perform design 
studios. 


231. Goetz, Robert C. t Loads Technology for Supersonic {’raise Aircraft. Pro- 
ceedings of the SCAR Conference, - Part 2, NASA CP-001, [10771, 
pp. 68*3-706 . 

A SCAR Loads Technology Program was initiated in 1973 and includes research 
in aoroo lactic loada, landing loads, acoustic loada, and the measurement of 
atmospheric turbulence. Thin paper presents the current status and some results 
obtained to dato for the latter three research areas. 

A flight program to measure atmospheric turbulence at high altitudes in 
a variety of meteorological conditions is described. Results are also presented 
from wind-tunnel toot programs to measure fluctuating pressures associated with 
over-the-wing engine configurations. Two analyses, a flexible aircraft take- 
off and landing analysis and an active control landing-gear analysis, have been 
developed and their capabilities are described. 


232, Haskins, J, F, ; Kerr, J. R.j and Stein, B, A.! Time-Tempera turo-Sfcross 
Capabilitiea of Composites for Supersonic Cruise Aircraft Applications. 
Proceedings of the SCAR Conference - Part 2, NASA CP-001, [1977*1, 
pp. 799-828. 

Advanced composite materials have the potential of reducing the weight of 
futuro supersonic cruise aircraft structures. However, information on the 
effects of long-time cyolic exposure to environments and loadings representative 
of long-time supersonic cruise aircraft service for the composite materials of 
interest is not available. A program to generate such information was initi- 
ated in 1973. A range of baseline properties was determined for representatives 
of five composite materials systems: B/Ep, Gr/Ep, B/PI, Gr/PI, and B/Al. This 

paper presents selected results from the environmental exposure studies with 
emphasis placed on the 10 000-hr thermal aging data. Results of residual 
strength determinations and changes in physical and chemical properties during 
high-tomperature aging are discussed and illustrated using metallographiG, 
fractographic , and thermomechanical analyses. Some initial results of the 
long-term flight simulation tests are also included. 


233- Yates, E. Carson, Jr.; and Bland, Samuel R.: Developments in Steady and 

Unsteady Aerodynamics for Use in Aeroelastic Analysis and Design. Pro- 
ceedings of the SCAR Conference - Part 2, NASA CP-001, [1977], 
pp. 707-737. 

A review is given of seven research projects which are aimed at improving 
the generality, accuracy, and computational efficiency of steady and unsteady 
aerodynamic theory for use in aeroelastio analysis and design. These projects 
indicate three major thrust3 of current research efforts: (1) more realistic 

representation of steady and unsteady, subsonic and supersonic, loads on air- 
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craft configuration;] of general shape with emphasis on structural design appli- 
cation;], ( 2 ) unsteady aerodynamics for application in active control;) analyses, 
and ( 3 ) unsteady aorodynamicn for the frequently critical t ran conic r.poed 
rango . 


Material;) Application 

23*1. Bales, Thomas T. ; Royster, Dick M.; and Arnold, Winfrey E., Jr,; Develop- 
ment of the Wold-Braze Joining Process. NASA TN D-7281, 1973. 

A joining prooeaa, dealgnated wold-brazing, wan dovolopod which combiner, 
ro 3 iatanoo spotwelding and brazing. Resistance spotwelding ir used to position 
and alino tho parto, as well as to establish a suitable faying-surfaee gap for 
brazing. The process was used successfully to fabricate Ti-6A1-4V alloy joints. 
Toat 3 rosult 3 obtained on single-overlap and hat-stiffened panel spool mens show 
that weld-brazed joints were superior in tensile shear, stress rupture, fatigue, 
and buckling oompared with joints fabricated by conventional moons. 


235. Brook 3 , William A., Jr.; and Dow, Marvin B,: Service Evaluation of Air- 

craft Composite Structural Components. NASA TM X-719M, 1973. 

The advantages of the use of composite materials in structural applications 
have been identified in numerous engineering studies. Technology development 
programs ore underway to correot known deficiencies and to provide needed 
improvements. However, in the final analysis, flight service programs are nec- 
essary to develop broader acceptance of, and confidence in, any now class of 
materials 3 uch as composites. Suoh flight programs, initiated by NASA Langley 
Research Center, are reviewed. 


236. Itnig, L. A.| and Garrett, L. E.: Fatigue-Test Acceleration With Flight- 

by-Flight Loading and Heating T-_ Simulate Supersonic-Transport Operation. 
NASA TN D-7380, 1973. 

Possibilities I’or reducing fatigue-test time for supersonic-transport 
materials and structures were studied in tests with simulated flight-by-flight 
loading. The effects of design mean stress, the stress range for ground-air- 
ground cycles, simulated thermal stress, the number of stress cycles in each 
flight, and salt corrosion were studied. The flight-by- flight stress sequences 
were applied to notahed sheet specimens of T1-8A1~1 Mo~ 1V and Ti-fiAl-^V titanium 
alloys. Fatigue accelerated testing seems feasible. 


237. Rosser, R. W. ; and Parker, J. A.; Chemical Research Projects Office Fuel 
Tank Sealants Review. NASA TM X-62,401, 197H. 

The status of high-temperature fuel tank sealants for military and poten- 
tially commercial supersonic aircraft is examined. The NASA's sealants program 
comprises synthesis and development of new fluoroether elastomers, sealant pre- 
diction studies, flight simulation, and actual flight testing of best state-of- 
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tho-art fluorosilioone sealants. The technical accomplishments of thcso 
projects are reviewed. 


236. Sorafini, Tito T. ; Dolvlgs, Peter; and Vannucci, Raymond D. : In Situ 

Polymerization of Monomoro for Polyphonylquinoxallno-Graphito Fibor 
Corapooiteo. NASA TN D-7793, 1974. 

In aitu polymerization of monomora wao uaed to prepare graphito-fibor- 
roinforced polyphenylquinoxalino composites. Six different monomer combinations 
wero invontigatod. Componito mechanical property retention characteristics wero 
determined at 316 ° C over an extended timo period. 


239. Imig, L. A.s Crack-Growth in a TI- 8 AI-IM 0 -IV With Real-Time and 
Accelerated Flight-by-Flight Loading. NASA TM X-72754, 1975. 

Crack growth in Ti-8Al-1Mo~1V was measured and calculated for real-time 
and accelerated simulations of supersonic airplane loading and heating. Calcu- 
lated orack-growth rates were slower than the experimental rates for all tests 
with flight-by-flight loading. For room-temparature accelerated tests, the 
calculated rates agreed well with the experimental rates; but the calculations 
became progressively less accurate for progressively more complex test condi= 
tions ( tests that Included elevated temperature) . 


240, Royster, Dick M. ; Wiant, H. Ross; and Bales, Thomas T. : Joining and 

Fabrication of Metal-Matrix Composite Materials. NASA TM X-3282, 1975. 

Manufacturing technology associated with developing fabrication processes 
to incorporate metal-matrix composites into flight hardware is studied. The 
joining of composite to itself and to titanium by innovative brazing, diffusion 
bonding, and adhesive bonding is examined. The effects of the fabrication pro- 
cesses on the. material properties and their influence on the design of YF-12 
wing panels are discussed. 


241. Serafini, Tito T.: Processable High Temperature Resistant Polymer Matrix 

Materials. NASA TM X-71682, 1975. 

In 1968 investigators at the Systems Group of TRW, Inc., working under 
NASA sponsorship, developed an approach to prepare polylmides by means of an 
addition reaction. Low molecular weight amido-acid prepolymers ond-capped with 
norbornane rlng 3 were cured without the evolution of volatile material. Subse- 
quent studies at the NASA Lewis Research Center led to the development of an 
improved method for preparing addition-cured polylmides. In this approach 
in situ Polymerization of Monomer Reactants (PMR) occurs on the surface of the 
reinforcing fibers. The purpose of this report is to review the studies con- 
ducted with addition-type polylmides. Particular emphasis is given to the 
studies concerned with the development of the PMR approach. 
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242. Haskins, J.; and Korr, J. ; Tlme-Temperuture-Stress Capabilities of 

Compooifco Materials for Advanced Supersonic Technology Applications. 

Third Conference on Fibrous Composites in Flight Vehicle design - 
Part I, NASA TM X-3377, 1976, pp. 383-403. 

Time-tempera ture-stro 33 charaoteriatios of four classes of high -temperature 
compo3ite materials are ostabli3hed to assess their suitability for advanced 
ouperaonio technology considerations. The tests discussed include thermal 
aging, ambient aging, fatigte, tensile, shear, fracturo, and flight simulation 
with some results being available for 10 000-hr exposure. 


243. Ascani, Leonard A.; and Pulley, John K.: New Advancements in Titanium 

Technology and Their Co3t and Weight Benefits. Proceedings of the SCAR 
Conference - Part 2, NASA CP-001, [1977], pp. 757-782. 

A new technology is emerging that promises to revolutionize the field of 
metal fabrication and design, particularly that of titanium. A process that 
combines both the superplastio and diffusion bonding properties of metal into 
one concurrent operation is being developed at Rockwell International. Esti- 
mates using this technology have indicated that this combined process will 
result in cost savings up to 70 percent when compared with conventional con- 
struction methods, while also saving weight. Many structural forms are possible 
including sandwich structures made by expanding face sheets and core against 
die forms. The classic difficulties normally associated with fabricating sand- 
wich structures, such as parts fit-up, close tolerances, and adhesive or braze 
alloy strength, do not exist with this technique. Rockwell's patented new 
processes are expected to significantly affect future airplane concepts and 
criteria. 


244. Bales, Thomas T.j Hoffman, Edward L.; Payne, Lee; and Carter, Alan L.: 

Fabrication and Evaluation of Advanced Titanium and Composite Structural 
Panels. Proceedings of the SCAR Conference - Part 2 , NASA CP-001, 

[1977], pp. 783-797. 

Advanced manufacturing methods for titanium and composite material struc- 
tures are being developed and evaluated by NASA in support of the Supersonic 
Cruise Aircraft Research Program. The program with the Lockheed-California 
Company involves design, fabrication, ground testing, and Mach 3 flight service 
of full-scale structural panels and laboratory testing of representative struc- 
tural element specimens. 

Results discussed include the manufacturing methods and test results for 
weld-brazed and RohrBond titanium panels fabricated by aerospace contractors 
and the development of fabrication methods for producing Borslc/aluminum and 
graphite/PMR-15 polyimide panels at the Langley Research Center. Test data pre- 
sented on the titanium panels include results obtained from flight service on 
the YF-12 aircraft and from 0 . ound exposure to K for 10 000 hr. 
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24b. Baton, Thomas T.; Wianfc, H. Roars; and Royster, Dick M. ; Grazed Borsio/ 
Aluminum Structural Panola. NASA TM X-3432, 1977. 

A flux loor brazing process haa been developed at the Langley Research 
Center that minimizes degradation of the mechanical properties of Borsic/ 
aluminum composites. The process, which employs 7 1 S aluminum alloy braze, is 
bei“>g used to fabricate full-scale Boroic/aluminum-titanium honeycomb-core 
panels for Mach 3 flight testing on the NASA YF-12 aircraft and ground testing 
in support of the SCAR Program. The manufacturing development and results of 
shear tests on full-scale panels are presented. 


246. Imig, L. A.: Fatigue of Titanium Alloys in a Supersonic-Cruise Airplane 

Environment. Proceedings of the SCAR Conference - Part 2, NASA CP-001, 
[1977], pp. 739-756. 

Many fatigue toots have been conducted to explore thermal effects on struc- 
tural materials in the time since supersonic commercial flight first received 
serious consideration. Moot of the testing has been conducted with coupons of 
structural materials because large numbers of realistic simulated structures 
are prohibitively expensive. The test programs conducted by several aerospace 
companies and NASA and summarized in this paper studied several titanium 
materials previously identified as having high potential for application to 
supersonic cruise airplane structures. 


247. Rosser, Robert W. ; and Parker, John A.: Advanced Supersonic Technology 

Fuel Tank Sealants. Pr jeedings of the SCAR Conference - Part 2, 

NASH CP-001, [1977], pp. 829-843. 

The Advanced Supersonic Technology (AST) Fuel Tank Sealants Program is 
reviewed. Status of the fuel tank simulation and YF-12A flight tests utilizing 
a stato-of-the-art fluorosilicone sealant is described. New elastomer sealant 
development at the Ames Research Center is detailed, and comparisons of highl- 
and low-temperature characteristics are made to baseline fluorosilicone 
sealants . 


Atmospheric Turbulence 

248. Ehernberger, L. J. ; and Love, Betty J. : High Altitude Gust Acceleration 

Environment a3 Experienced by a Supersonic Airplane. NASA TN D-7868, 
1975. 

High altitude turbulence experienced at supersonic speeds is de^ ' ' 
terms of gust accelerations measured on the YF-12A airplane. The d - '* 
obtained during 90 flights at altitudes above 12.2 kra. The air erf 
given gust accelerations as being more intense during high altitude 3 . 
flight than during low altitude subsonic flight. 
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The median thiekness of high altitude turbulence patches was less than 
*100 ra; the median length was less than 16 km. The distribution of the patch 
dimensions tended to be log normal. 


2*19. Larson, Terry J. ; and Ehernberger, L. J. ! Techniques Used for Determina- 
tion of Static Source Position Error of a High Altitude Supersonic 
Airplane. NASA TM X-3152, 1975. 

Variations of a radar tracking method for the precise determination of 
aircraft static source position error during accelerating or decelerating flight 
are described and evaluated. Data from supersonic flights of a YF-12 airplane 
are presented to illustrate the technique. A combination of level and ascending 
or descending flignt runs proved to be an efficient way to obtain aircraft 
position error. 


250. Sidwell, Kenneth: A Mathematical Examination of the Press Model for 

Atmospheric Turbulenoe. NASA TN D-8038, 1975. 

The random process used to model atmospheric turbulence in aircraft 
response problems is examined. The Press modal accounts for both the Gaussian 
and nonGaussian forms of measured turbulence data. The effects of the distri- 
bution of the intensity prooess upon calculated exceedances are examined. It 
is concluded that the Press model with a Gaussian intensity distribution gives 
a conservative prediction of limit load values. 


251. Keisler, Samuel R. ; and Rhyne, Richard H.: An Assessment of Prewhitening 

in Estimating Power Spectra of Atmospheric Turbulence at Long Wave- 
lengths. NASA TN D-8288, 1976. 

Synthetic time histories were generated and used to assess the effects of 
prewhitening on the long wavelength portion of power spectra of atmospheric 
turbulenoe. Prewhitening is not recommended when using the narrow "spectral 
windows" required for determining power spectral estimates below the "knee" 
frequency (that is, at very long wavelengths). 


252. Meissner, Charles W. , Jr.: A Plight Instrumentation System for Acquisition 

of Atmospheric Turbulence Data. NASA TN D-8314, 1976. 

A flight instrumentation system for the acquisition of atmospheric turbu- 
lence data is described. Airflow direction transducers and an impact-pressure 
transducer are the primary instruments for measuring vertical and lateral gust 
velocity, and a sensitive Incremental pres^re transducer is used to measure 
longitudinal gust velocity. Salient engineering features of the instrumenta- 
tion are. discussed, and a complete description of the instrumentation is 
presented . 



253. Rhyne, Riohard H.: Flight Assessment of an Atmospheric Turbulence Measure- 

ment System With Emphasis on Long Wavelengths. NASA TN D-8315, 1976. 

A flight assessment ha3 bee ’ made of a system that measures the three 
components of atmospherio turbulenoe in the frequency range associated with 
airplane motions (0 to approximately 0.5 Hz). Results of the assessment indi- 
cate acceptable aoouracy of the resulting time histories and power spectra. 

Small residual errors at the airplane short period and Dutch roll frequencies 
would not be detectable on the power spectra, However, errors at approximately 
0,25 Hz can be present in the time history of the lateral turbulence component. 
An assessment of the quantities comprising the vertical turbulence component 
leads to the conclusion that the vertiaal component is essentially accurate to 
zero frequency. 


254. Rhyne, Richard H.; Murrow, Harold N. ; and Sidwell, Kenneth: Atmospheric 

Turbulence Power Spectral Measurements to Long Wavelengths for Several 
Meteorological Conditions. Aircraft Safety and Operating Problems, 

NASA SP-416, 1976, pp. 271-286. 

Use of power speotral design techniques for supersonic transports requires 
acourate definition of atmospheric turbulenoe in the long wavelength region 
below the "knee" of the power spectral density function curve. Examples are 
given of data obtained from a current turbulence flight sampling program. 

These samples are categorized as (1) convective, (2) wind shear, (3) rotor, 
and (4) mountain-wave turbulence. Time histories, altitudes, root-mean-square 
values, statistical degrees of freedom, power spectra, and integral scale 
values are shown and discussed. 


255. Sidwell, Kenneth: A Method for the Analysis of Nonlinearities in Aircraft 

Dynamic Response to Atmospheric Turbulence. NASA TN D-8265, 1976. 

An analytical method is developed which combines the equivalent lineariza- 
tion technique for the analysis of the response of nonlinear dynamic systems 
with the amplitude modulated random process (Press model) for atmospherio turbu- 
lence. The method is initially applied to a bilinear spring system. The analy- 
sis of the response shows good agreement with exact results obtained by the 
Fokker-Planck equation. The method is then applied to an example of control- 
surface-displacement limiting in an aircraft with a pitch-hold autopilot. 


NASA Contractor Reports 


Structural Concept Studies 

256. LTV Hampton Technical Center: Computer Aided Structural Methods With 

Application to a Supersonic Arrow-Wing Configuration. NASA CR-132551, 
1974. 



257. Tinoco, IS, N,; and Mercer, J. E.: FLEXSTAB - A Summary of the Functions 

and Capabilities of the NASA Flexible Airplane Analysis Computer System. 
NASA CR— 2564 , 1975. 

A brief description is provided by the Boeing Commorical Airplane Company 
of NASA's aeroelastio stability and control computer program, FLEXSTAB. Infor- 
mation is provided to aid potential users in evaluating posoiblo use of 
FLEXSTAB. A summary of the program's capabilities, the joopo and limitations 
of its formulation, and a description of Its documentation is provided. Com- 
puter program hardware and software requirements and recent user experience are 
also discussed. 


258. Preliminary Design Dep., Boeing Commercial Airplane Co.: Study of Struc- 

tural Design Concepts for an Arrow Wing Supersonic Transport Configura- 
tion - Volume 1. NASA CR-132576-1, 1976. 


259. Preliminary Design Dep., Boeing Commercial Airplane Co.: Study of Struc- 

tural Design Concepts for an Arrow Wing Supersonic Transport Configura- 
tion - Volume 2. NASA CR- 132576-2, 1976. 


260. Sakata, I, F.j and Davis, G. W.: Arrow-Wing Supersonic Cruise Aircraft 

Structural Design Concepts Evaluation. Volume 1. NASA CR-1 32575-1, 
[1976] . 


261. 


Sakata, I. F,; and Davis, G. 
Structural Design Concepts 
[1976]. 


W. : Arrow-Wing Supersonic Cruise Aircraft 

Evaluation. Volume 2. NASA CR-1 32575-2, 


262 . 


Sakata, I. F. ; and Davis, G. 
Structural Design Concepts 
[1976], 


W. : Arrow-V?ing Supersonic Cruise Aircraft 

Evaluation. Volume 3. NASA CR-1 32575-3, 


263. Sakata, I. F,; and Davis, G. W. : Arrow-Wing Supersonic Cruise Aircraft 

Structural Design Concepts Evaluation. Volume NASA CR— 132575—4, 
[1976]. 


264. Sakata, I. F. ; and Davis, G. W. : Evaluation of Structural Design Concepts 

for an Arrow-Wing Supersonic Cruise Aircraft. NASA CR-2667 , 1977. 

An analytical study was performed by Lookheed-California Company to deter- 
mine the best structural approach for design of primary wing and fuselage 
structure of a Mach 2.7 arrow wing supersonic cruise aircraft. Emphasis wa3 
placed on the complex interactions between thermal stress, static aeroelasticity, 
flutter, fatigue and fail-safe design, static and dynamic loads, and the effects 
of variations in structural arrangements. A hybrid wing structure incorporating 
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low-profi lo convex beaded and honeycomb sandwich surface panels of titanium 
alloy 6A1-4V wore the most efficient. The fuselage shell consists of hat- 
stiffened skin and frame construction of titanium alloy 6A1-4V. 


.Structure Technology 

265, Morino, Luigi: A General Theory of Unsteady Compressible Potential Aero- 

dynamics. NASA CR-2464, 1974. 

The general theory of potential aerodynamic flow around a lifting body 
having arbitrary shape and motion is presented by Boston University, By using 
the Green function method, an integral representation for tn: potential is 
obtained for both superspnic and subsonic flow. For the important practical 
case of small harmonic oscillation around a rest position, the equation reduces 
to a two-dimensional Fredholm integral equation of oeoond type. It is shown 
that this equation reduces properly to the lifting surface theories as well as 
other classical mathematical formulae. 


266. Ruo, S. Y.: Calculation of Unsteady Transonic Aerodynamios for Oscillating 

Wings With Thickness (Computer Program), NASA CR-132477, 1974. 


267. Dick, J, W. ; and Benda, B. J. : Addition of Flexible Body Option to the 

TOLA Computer Program. Part I - Final Report. NASA CR- 132732-1, 1975. 


268. Dick, J. W. ; and Benda, B. J. : Addition of Flexible Body Option to the 

TOLA Computer Program. Part II - User and Programmer Documentation. 
NASA CR- 132732-2, 1975. 


269. Goree, James G. ; Crack Growth in Bonded Elastic Half Planes - Final 

Report. NASA Grant NSG-1104, Dep. Mech . Eng., Clemson Univ., Dec. 31, 
1975. (Available as NASA CR-145905.) 


270. Kuo, Ching-Chiang; and Morino, Luigi: Steady Subsonic Flow Around Finite- 

Thickness Wings. NASA CR-2616, 1975. 

The general method for analyzing steady subsonic potential aerodynamic flow 
around a lifting body having arbitrary shape is presented by Boston University. 
Comparison with existing results shows that the proposed method is at least as 
fast and accurate a3 the lifting surface theories. 


271. O'Connell, R. F. ; Hassig, H. J. ; and Radovcich, N. A.: Study of Flutter 

Related Computational Procedures for Minimum Weight Structural Sizing 
of Advanced Aircraft - Supplemental Data. NASA CR-1 32722, 1975. 
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272. Ruo, S. Y.; and Thei3en, J. G.: Calculation of Unsteady Transonic Aoro- 

dynamic3 for Oscillating Wings With Thioknoos. NASA CR-2259, 1975. 

An analytical approaoh is presented by the Lookheod-Ceorgia Company to 
aooount for some of the nonlinear characteristics of the transonio flow equa- 
tion for finite thiokness wings undergoing harmonio oscillation at sonic flight 
speed in an invi3cid, shook-free fluid. The thickness effect in accounted for 
in the analysis through use of the steady local Mach number distribution over 
the wing at its mean position by employing the local linearization concept and 
a coordinate transport. Computed results are compared with experiment. 


273. Weatherill, Warren H.; Ehlers, F, Edward; and Sebastian, James D,: Compu- 

tation of the Transonio Perturbation Flow Fields Around Two- and Three- 
Dimensional Oscillating Wings. NASA CR-2599, 1975. 

Analytical and empirical studies of a finite difference method for the 
solution of the transonic flow about an harmonically oscillating wing are pre- 
sented by the Boeing Commercial Airplane Company, along with a discussion of 
the development of a pilot program for three-dimensional flow. In addition, 
some two- and three-dimensional examples are presented. 


274. Chu, C. S.; Anderson, J. M.; Batdorf, W. J. ; and Aberson, J, A.: Finite 

Element Computer Program To Analyze Cracked Orthotropic Sheets. NASA 
CR-2698, 1976. 

A two-dimensional orthotropic sheet with through-the-thickness cracks and 
temperature gradient was analyzed by the Lockheed-Georgla Company. The program 
includes special crack-tip elements that account for singular stress fields 
associated with crack opening and crack sliding displacements at the crack tip. 
The program also Includes a linear spring element and a oonstant-strain, tri- 
angular element. A number of problems for which closed-form solutions exist 
were analyzed to demonstrate the capabilities of the program. 


275. O’Connell, R. F.; Hassig, H. J. ; and Radovclch, N. A.: Study of Flutter 

Related Computational Procedures for Minimum Weight Structural Sizing 
of Advanced Aircraft. NASA CR-2607, 1976. 

Results of a study of the development of flutter modules applicable to 
automated structural design of advanced aircraft configurations such as a super- 
sonic transport are presented by the Lockheed-California Company. Automated 
structural design is restricted to automated sizing of the elements of a given 
structural model. Methods of solving the flutter equation and computing the 
generalized aerodynamic force coefficients in the repetitive analysis environ- 
ment of a flutter optimization procedure are studied. Results of numerical 
evaluations, applying the five methods of flutter optimization to the same 
design task, are presented. 
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Materials Application 


276. Booing Aoroapaco Co.: r 'olic-Sfcreos Analyai3 of Notches for Supersonic 

Tranaport Conditiona. NASA CR-1 32387, 1 97 1 * . 


277. Ochieano, Mario L.j and Kanoko, RU330II S.: Survey of Titanium Structural 

Shape Fabrication Concepts - Final Report, NASA CR-1 32384, 1974, 


278. Elliott, S. Y.; Boron-Aluminum Skins for the DC-10 Aft Pylon - Final 
Report, NASA CR-1 32645, 1975. 


279. Webb, B, A.; and Dolowy, J. F., Jr.: Brazed Bonding of Bora io/ Aluminum 

Composite Sheet to Titanium. NASA CR-133730, 1975, 


280. Fahray, Abdel A.; and Cunningham, Thomas G.: Investigation of Thermal 

Fatigue in Fiber Composite Materialn. NASA CR-2641, 1976. 

Graphite-epoxy laminates were thermally cycled by North Carolina State 
University to determine the effects of thermal cycles on tensile properties and 
thermal expansion coefficients of the laminates. Three 12-ply laminate configu- 
rations were subjected to up to 5000 thermal cycles. The materials' tensile 
strength, moduli, and thermal expansion coefficients were significantly lower 
than for the materials as fabricated. Most of the degradation of properties 
occurred after only a few cycles. The property degradation wa3 attributed pri- 
marily to the progressive development of matrix cracks whose locations depended 
upon the layup orientation of the laminate. 


281. Watanabe, R. T. : Acceleration of Fatigue Tests for Built-up Titanium 

Components . NASA CR-265S, 1976. 

A study was made by the Boeing Commercial Airplane Company of the feasi- 
bility of a room- temperature scheme of accelerating fatigue tests for Mach 3 
advanced supersonic transport aircraft. The test scheme used equivalent room- 
temperature cycles calculated for supersonic flight conditions. Verification 
tests were conducted by using specimens representing titanium wing lower sur- 
face structure. The fatigue behavior of the specimens generally correlated 
well with the proposed correction method. 


282. Payne, L. : Fabrication and Evaluation of Advanced Titanium Structural 

Panels for Supersonic Cruise Aircraft. NASA CR-2744, 1977. 

Flightworthy primary structural panels were designed, fabricated, and 
tested by the Lockheed-California Company to investigate two advanced fabrica- 
tion methods for titanium alloys. Skin-stringer panels fabricated by using the 
weld-braze process, and honeycomb-core sandwich panels fabricated by using a 
Rohr Industries, Inc. diffusion bonding process, were designed to replace an 
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existing intogrally stiffened 3hear panel on the uppor wmg surfaco of thf 'ASA 
YF-12 research aircraft. The investigation included ground testing auu v MOh 3 
flight testing of full-scale panels and laboratory testing of representative 
structural dement specimens. 


283, Waterman, A. W. : Testing of Polyimide Second-Stage Rod Seals for Single- 

Stage Applications in Advanaed Aircraft Hydraulic Systems. NASA 
CR-135191, 1977. 


Atmospheric Turbulence 

284, Scoggins, James R.; Clark, Terry L. ; and PossJel, Norman C.: Relationships 

Between Stratospheric Clear Air Turbulence and Synoptic Meteorological 
Parameters Over the Western United States Between 12-20 km Altitude. 

NASA CR-1 43837, 1975. 


285. Mark, William D. ; and Fischer, Raymond W.: Investigation of the Effects 

of Nonhomogeneous (or Nonstationary) Behavior on the Spectra Jf 
Atmospheric Turbulence. NASA CR-2745, 1978. 

A new series expansion of the instantaneous power spe-,-:: -."it is used by Bolt 
Beranek and Newman, Inc. that has for its first term the usva-i faasi- stationary 
speotrum approximation. The minimum duration of a burst of turbulence and the 
minimum rise time of an abrupt onset of turbulence that will not give rise to 
changes in the spectrum due to the nonstationary behavior are determined. A 
general criterion for envelope behavior that will not give rise to ohanges in 
the spectrum is also determined. Spectra computed from recorded turbulence time 
histories are shown to be consistent with the theoretical predictions. 
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286, Robinson, James C.; Yates, E, Carson, Jr,; Turner, M, Jonathan; and Grande, 
Donald L. : Application of an Advanced Computerized Structural Design 
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No. 75-1038, Aug. 1975. 


2G7. Sakata, I. F.; Davis, G. W.; Robinson, J. C.; and Yates, E. C. , Jr.: 
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Structure Technology 
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Bodies: General Theory. AIAA Paper No. 73-196, Jan. 1?73. 
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pp. 83 - 88 . 
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320. Doggott, Robert V,, Jr.; and Ricketts, Rodney H.s Gome Experimental 

and Theoretical Flutter Characteristics of an Arrow-Wing Configuration. 
Volumo 11 - Dynamics, Structural Dynamioo, AIAA/ASME 18th Structures, 
Structural Dynamioo & Matorialo Conferoi o, Mar. 1977, pp. 127-132. 


321. Rickotto, Rodney H,; and Sobioszczannki, Jaroolaw: Simplified and Refined 

Structural Modeling for Economical Flutter Analysis and Donign. 

Volume 11 - Dynamioo, Structural Dynamioo, AIAA/ASME 18 th Structuroo, 
Structural Dynamioo & Materials Conference, Mar. 1977, pp. 117-126. 


322. Weioo, S. J.; Tseng, K.; and Morino, L, : Stato-Spaoo Formulations for 

Flutter Analysis. AIAA Paper 77-117, Jan. 1977. 


Matorialo Application 

323. Imig, L. A.; Fatigue of Supersonic Transport Materials Using Simulated 
Flight-by-Flight Loading. Fatigue at Elevated Temperatures, A. E, 
Carden, A. J. McEvily, and C. H. Wells, edn., ASTM Spec, Tech, 

Publ. 520, c.1973, PP. 2611-272. 


3211. Bales, Thomao T. ; Royoter, Diek M.; and Arnold, Winfrey E. , 
Brazing of Titanium. 3AMPE Q., vol. 5, no, 3, Apr. 197*1, 


Jr.: Wold' 

pp. 28-38. 


325. Bales, Thomao T. ; Royster, Dick M,; and Arnold, Winfrey E. , 
Development and Application of the Weld-Brazing Process, 
sen ted at ASM Conference - Joining Titanium for Aerospace 
(Beverly Hills) , Feb, 1975. 


Jr. : The 

Paper pre- 
Applications 


326. De Pasquale, Ralph J. ; Padgett, Calvin D.; and Rosser, Robert W.: Highly 

Fluorinated Acetylenes. Preparation and Some Cyelization Reactions. 

J. Org. Chem., vol. 40, no, 6, 1975, pp. 810-811. 


327. Hoffman, Edward L. ; Payne, LeRoy; and Carter, Alan Lyman: Fabrication 

Methods for YF-12 Wing Panels for the Supersonic Cruise Aircraft Research 
Program. Materials Review '75, Volume 7 of National SAM PE Technical 
Conference Series, Soc. Advance. Mater. & Process Eng., c.1975, 

pp. 68-82. 


328. Paciorek, K. L , ; Kratzer, R. H.; Kaufman, J. ; and Rosser, R. W.: Syntheses 

and Degradation of Fluorinated Heterooyolics. J. Fluorine Chem., vol, 6, 
no. 3, 1975, pp. 241-258. 



329. Roonor, R. W. ; Parker, J. A,; DoPanqualo, R. J.; and Stump, E. C,, Jr,: 
Polyperfluoroalkyleno Bthorn as High-Temperature Sealants. Poiyothoro, 
ACS Symp. Sor., no. 6, 1975, pp. 189-190. 


330. Haskins, J. F,; Wilkins, D. J.; and Stein, D, A.: Flight Simulation 

Tooting Bquipment for Compooito Material Syotomo . Knvironmental Effects 
on Advanood Compooito Matorialo, ASTM Spoo, Tooh. Publ. 602, 0.1976, 

PP. 23-36. 


331. Imig, L. A.: Craok Growth in Ti-8Al~1Mo-1V With Real-Time and Aocolorated 

Flight-by-Flight Loading. Fatigue Crack Growth Undor Speotrum Loads, 
ASTM Spec. Tech. Publ. 593, c.1976, pp. 251-269. 


332, Kerr, J. R.; Haskins, J. F. ; and Stein, B. A.: Program Definition and 

Preliminary Results of a Long-Term Evaluation Program of Advanced 
Composites for Supersonio Cruise Aircraft Applications. Environmental 
Effects on Advanced Composite Materials, ASVM Speo. Tech. Publ. 602, 
c. 1976, pp. 3-22. 


333. Haskins, J. F,; Kerr, J. R.j and Stein, B. A.: Flight Simulation Testing 

of Advanced Composites for Supersonio Cruise Airoraft Applications. 
Volume A - Structures and Materials, AIAA/ASME 18th Structures, 
Structural Dynamics & Materials Conference, Mar, 19 7 7, pp. 236-295. 


Atmospheric Turbulence 

339. Ehernberger, L. J. : High AltitUuO Turbulence Encountered by the Supersonic 

YF-12A Airplane. Sixth Conference on Aerospace and Aeronautical Meteo- 
rology of the Amer*' n Meteorological Society, Nov. 1979, pp. 305-312. 


335. Kordes, E. E.; and Curtis, A. R.: Results of NASTRAN Model Analyses and 

Ground Vibration Tests on the YF-12A Airplane, Paper 75-WA/Aero~8, 
American Soc. Mech, Eng., Nov. -Dec. 1975. 


336. Possiel, Norman; and Scoggins, James R.: Curvature of the Wind Profile 

in the Troposphere Versus Regions of CAT and Non-CAT in the Stratosphere. 
Mon. Weather Rev., vol. 109, no. 1, Jan. 1976, pp. 57-62. 


337- Waao, David E. : Variation of Turbulence With Altitude to 70,000 ft. 

J, Aircr., vol. 13, no. 12, Dec. 1976, pp. 981-986. 
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AERODYNAMIC PERFORMANCE 


N ASA Inhouoe Report s 
Aerodynamics 

338. Medan, Richard T. : Geometry Program for Aerodynamic Lifting Surface 

Theory. NASA TM X-62,309, 1973. 

A computer program that provideo the geometry and boundary conditiono 
appropriate for an analyoio of a lifting, thin wing with oontrol surfer -s in 
linearized, subsonic, steady flow is presented. The kernel function method 
lifting surface theory is applied. The data which are generated by the program 
a^e stored on di3o files or tapes for later use by programs which calculate an 
influence matrix, plot the wing planform, and evaluate the loads on the wing. 


339. Medan, Richard T.: Steady, Subsonio, Lifting Surface Theory for Wings 

With Swept, Partial Span, Trailing Edge Control Surfaces. NASA 
TN D-7251, 1973. 

A method for oomputing the lifting pressure distribution on a wing with 
partial span, swept oontrol surfaces is presented. This method is valid within 
the framework of linearized, steady, potential flow theory. This technique is 
valid for both the flap pressure mode and regular pressure modes and could be 
used to Improve existing lifting surface methods. It is concluded that the 
method can lead to an efficient and accurate solution of the mathematical 
problem when a partial span, trailir.g-edge flap is involved. 


340. Medan, Richard T. ; and Hay, K. Susan: Boundary Condition Program for 

Aerodynamic Lifting Surface Theory. NASA TM X~62,323, 1973. 

Users’ manual is described for s USA FORTRAN IV computer program which 
determines boundary conditions for a thin wing lifting surface program. This 
program, the geometry program, and several other programs are used together in 
the analysis of lifting, thin wings in steady, subsonic flow according to a 
kernel function lifting surface theory. The program calculates specific types 
of boundary conditions automatically such as those necessary to determine pitch 
and roll damping derivatives. The program also accepts descriptions of the 
camber or downwash and twls: in the form of tables and/or coefficients of 
equations. 


341. Medan, Richard T. ; and Ray, K. Susan: Influence Matrix Program for Aero- 

dynamic Lifting Surface Theory. NASA TM X-62,324, 1973. 

A description and users’ manual are presented for a USA FORTRAN IV computer 
program which computes an aerodynamic, influence matrix and is one of several 
computer programs used to analyze lifting, thin wings in steady, subsonio flow 
according to a kernel function method lifting surface theory. The most signifi- 
cant features of the program are that it can treat unsymmetrical wings, control 
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points oan bo placed on the loading and/or trailing edges, and a stable, effi 
oient algorithm is used to compute the influence matrix. 


342. Medan, Richard T. ; and Ray, K. Susan: Plotting Program for Aerodynamic 

Lifting Surfaoe Theory. NASA TM X-62,321, 1973. 

Description and a users' manual are presented for a USA FORTRAN 17 com- 
puter program which plots the planform and control points of a wing, The pro- 
gram also plots some of the configuration data such as the aspeot ratio. The 
planform data aro storr! on a disc file which is created by a geometry program. 
This program, the geometry program, and several other programs are U3cd together 
in the analysis of lifting, thin wings in steady, subsonic flow according to 
a kernel function lifting surfaoe theory 


343. NASA YF-12 Flight Loads Program. NASA TM X-3061, 1974. 

The YF-12 research program in aerodynamic load? concentrated on both the 
measurement of flight loads and the evaluation of state-of-the-art loads pre- 
diction techniques. Experimental data were acquired from flight tests, wind- 
tunnel model teats, and static thermal tests of the airplane, and aerodynamic 
and structural analyses were made for correlation with the experimental results. 
The experimental data al30 form a reference source for the verification of other 
methods of aeroelastio and structural analysis. 

This volume includes papers that describe the tests performed and appen 
dixes that contain measured deflection, temperature, strain, and airloads < 
from laboratory and flight tests of the airplane. It also includes aerodyi . ' 
and structural descriptions of the airplane to permit the reader to make a my- 
ses using his own methods. A supplement on microfilm and microfiche contains 
wind-tunnel pressure survey data, results from NASTRAN and FLEXSTAB computer 
analyses, and the structural section properties necessary to set up a struc- 
tural analysis model. Suoh extensive documentation is unusual, but it was felt 
that the unique and comprehensive nature of the project warranted the effort 
necessary to make the data available. 


344. Medan, Richard T.t Improvements to the Kx 'nel Function Method of Steady, 
Subsonic Lifting Surfaoe Theory. NASA TM X-62,327, 1974. 

The application of a kernel function lifting surface method to three- 
dimensional, thin wing theory is discussed. A technique for determining the 
influence functions is presented. The report introduces and employs an aspect 
of the kernel function method which apparently has never been used before and 
which significantly enhances the efficiency of the kernel function approach. 
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343. Medan, Richard T, ; and Lemmrr, Opal J.: Equation Solving Program for Aero- 

dynamic Lifting Surface Theory. NASA TM X-62,325, 1974, 

A description and users' manual are presented for one of a group of FORTRAN 
programs, which, together, can be U3ed for the analysis and design of wings in 
steady, subsonic flow according to a kernel function method lifting surface 
theory. This program has the capability of striking out rows and columns of 
the aerodynamic influence matrix and rows of the associated boundary condition 
vectors (right-hand sides), This capability significantly enhances the effec- 
tiveness of the kernel function method of lifting surface theory because the 
number of control points can be done with the calculation of only a single 
influence matrix. 


346, Medan, Richard T. ; and Ray, K. Susan: Normal Loads Program for Aerodynamic 

Lifting Surface Theory. NASA TM X-62,326, 1974. 

A description and users' manual are presented for a USA FORTRAN IV computer 
program which evaluates spanwiae and chordwise loading distributions, lift 
coefficient, p tching-moment coefficient, and other stability derivatives for 
thin wings in 2 nearized, steady, subsonic flow. The program is based on a 
kernel function method lifting surface theory and is applicable to a large class 
of planforms including asymmetrical ones and ones with mixed, straight, and 
curved edges. 


347. Ehlers, F. Edward; Johnson, Forrester T . ; and Rubbert, Paul E. : Advanced 

Panel-Type Influence Coefficient Methods Applied to Subsonic and Super- 
sonic Flows. Aerodynamic Analyses Requiring Advanced Computers - 
Part II, NASA SP-347, 1975, pp. 939-984. 

Advanced techniques are presented for solving the linear integral equations 
of subsonic and supersonic potential flow in three dimensions. Roth analysis 
(Neumann) and design (Dirichlet) boundary conditions are treated. Influence 
coefficient methods are used that encompass both source and doublet panels as 
boundary surfaces. The methods employ curved panels possessing singularity 
strengths which vary as polynomials. These and other- features were selected 
to produce a stable, reliable, accurate, and economical scheme that overcomes 
many problems experienced with earlier methods. 


348. Manro, Marjorie E. j Tinoco, Edward N. ; Bobbitt, Percy J, ; and Rogers, 

John T. : Comparisons of Theoretical and Experimental Proa suae Distribu- 

tions on an Arrow-Wing Configuration at Transonic Speeds. Aerodynamic 
Analyses Requiring Advanced Computers - Part II, NASA SP-347, 1975, 
pp. 1141-1188, 

A wind-tunnel test of an arrow-wing — body configuration employing both a 
twisted and a flat wing, as well as a variety of leading- and trailing-edge 
flap deflections, has been conducted to provide an experimental data base for 
comparison with theoretical methods. The purpose of these comparisons was to 
delineate conditions under which the theoretical predictions are valid for 
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aeroolastic calculations and to explore the use of empirical methods to correct 
the theoretical methods where theory is deficient. 


3^9 • Miller, David S. ; and Middleton, Wilbur D.j An Integrated System for the 
Aerodynamic Design and Analysis of Supersonic Aircraft. Aerodynamic 
Analyses Requiring Advanced Computers - Part II, NASA SP-347, 1975, 
pp. 10*19-1055. 

An integrated system of computer programs for the aerodynamic design and 
analysis of complete oupersonio aircraft has been developed as a result of 
research efforts conducted over a period of years at Langley Research Center 
and a recent Langley contract with The Boeing Company. The goals of the system 
have been to develop an easily used supersonic design and analysis capability 
with recognition of the need for constraints on linear theory to provide physi- 
cal realism and with inclusion of interactive graphics capability for increased 
control over the design and analysis iteration cycles. 


350. Morino, Luigi; and Chen, Lee-Tzong: Indicial Comproagjble Potential 

Aerodynamics Around Complex Aircraft Configurations. Aerodynamic 
Analyses Requiring Advanced Computers - Part II, NASA SP-3^7, 1975, 

pp. 1067-1110, 

A general theory for indicial potential compressible aerodynamics around 
complex configurations is presented. The motion is assumed to consist of con- 
stant subsonic or supersonic speed for time t S 0 (steady state) and of small 
perturbations around the steady state for time t > 0. The theory is embedded 
in a computer code, SUSSA. ACTS, which is briefly described. Numerical results 
are presented for steady and unsteady, subsonic and supersonic, flows and indi- 
cate that the code is not only general, flexible, and simple to use, but also 
accurate and fast. 


351. Weber, James A.; Brune, r uenter W.; Johnson, Forrester T. ; Lu, Paul; and 

Rubbert, Paul E.: A Three-Dimensional Solution of Flows Over Wings With 

Leading Edge Vortex Separation. Aerodynamic Analyses Requiring Advanced 
Computers - Part II, NASA SP-3*17, 1975, pp. 1013-1032. 

The application of a new, general, potential flow computational tech- 
nique to the solution of the subsonic, three-dimensional flow over wings with 
leading-edge vortex separation is presented. The present method is capable of 
predicting forces, moments, and detailed surface pressures on thin, sharp-edged 
wings of rather arbitrary planform. The wing geometry is arbitrary in the sense 
that leading and trailing edges may be curved or kinked and may have arbitrary 
camber and twist distributions. The method is verified by numerous computed 
results. 
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352. Coe, Paul L,, Jr.; and Fournier, Paul G.: Application of Powered-Lift 

Concepts for Improved Cruise Efficiency of Long-Range Airoraft. 
Powered-Lift Aerodynamics and Aaoustics, NASA SP- 1 I06, 1976, pp. 89-101. 

The present paper summarizes results of recent studies conducted at the 
NASA Langley Research Center to explore the use of powered-lift concepts for 
improved low-speed performance of long-range subs. nio and supersonio cruise 
vehioles. The results indicate that powered lift can provide significant 
improvements in low-speed performance, as well as substantial increases in 
oruise efficiency and range for both subsonic and supersonic cruise 
configurations. 


353. Coe, Paul L., Jr,; McLemore, H, Clyde, and Shivers, James P,; Effects 

of Upper-Surface Blowing and Thrust Vectoring on Low-Speed Aerodynamic 
Characteristics of a Large-Scale Supersonio Transport Model. NASA 
TN D-8296, 1976. 

Tests were conducted in the Langley full-scale tunnel to determine the 
low-speed aerodynamic characteristics of a large-scale arrow wing supersonio 
transport configured with engines mounted above the wing for upper-surface 
blowing, and conventional lower-surface engines with provisions for thrust 
vectoring. A limited number of tests were conducted for the upper-surface 
engine configuration in the high-lift condition for a sideslip angle of 10° 
in order to evaluate lateral-directional characteristics, and with the right 
engine inoperative to evaluate the engine-out condition. 


35 1 !. Davis, J. E.; Bonnett, W. S. ; and Medan, R. T. t NASA Ames Thrse- 

Dimensional Potential Flow Ana'ysis System (POTFAN) Equation Solver 
Code (SOLN) Version 1. NASA TM X-73,074, 1976. 

A computer program known as SOLN was developed as an independent segment 
of the NASA Ames Three-Dimensional Potential Flow Analysis Systems of linear 
algebraic equations. Methods used include: LU decomposition, Householder's 

method, a partitioning scheme, and a block successive relaxation method. Due 
to the independent modular nature of the program, it may be used by itself and 
not necessarily in conjunction with other segments of the POTFAN system. 


355. Mascitti, Vincent R. : Aerodynamic Performance Studies for Supersonic 

Cruise Aircraft. NASA TM X-73915, 1976. 

Technical progress made in each of the disciplinary research areas affect- 
ing the design of supersonic cruise aircraft is discussed. The NASA SCAR pro- 
gram has supported an expanded research program in aerodynamics including an 
evergrowing experimental data base, methodology development across the Mach 
number range, and sonic boom. Progress in the aerodynamics area could facili- 
tate the choice of the highly swept subsonic leading-edge arrow wing known for 
superior supersonic cruise efficiency. 
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356. Medan, R, T, ; and Bullock, R. B. : NASA Ames Potential Flow Anaiyaxs 

(POTFAN) and Geometry Program (POTGEM) - Version 1. NASA TM X— 73 127, 
1976. 

A oomputor program known as POTGEM is reported whioh has been developed 
as an independent segment of a Three-Dimensional Linearized, Potential Flow 
Analysis System and which is used to generate a panel point description of 
arbitrary, three-dimensional bodies from convenient engineering descriptions 
consisting of equations and/or tables. Due to the independent, modular nature 
of the program, it may be used to generate oorner points for other oomputer 
programs. 


357. Parlett, Lysle P.; and Shivers, James P.: Low-Speed Wind-Tunnel Tests of 

a Large-Scale Blended-Arrow Advanoed Supersonic Transport Model Having 
Variable-Cycle Engines and Vectoring Exhaust Nozzles. NASA TM X-72809, 
1976. 

Variables tested include (1) engine mode (cruise or low-speed), ; engine 
exit nozzle deflection, (3) leading-edge flap geometry, and (4) trailing-edge 
flap deflection. Test variables included values of gross thrust coefficient 
from 0 to 0,38, values of angle of attack from -10° to 30°, values of angle of 
sideslip from -5° to 5°, and values of Reynolds number from 3.5 x 10^ to 
6.8 x 10°, 


358. Shivers, James P.; McLemore i;. Clyde; and Coe, Paul L., Jr.: Low-Speed 

Wind-Tunnel Investigation of a Large-Scale Advanced Arrow-Wing Supersonic 
Transport Configuration With Engines Mountea Above Wing for Upper-Surface 
Blowing. NASA TN D-8350, 1976. 

Tests were conducted in the Langley full-scale tunnel to determine the 
low-speed aerodynamic characteristics of a large-scale advanced arrow wing 
supersonic transport configuration with engines mounted above the wing for 
upper-surface blowing. Configuration variables Included trailing-edge flap 
deflection, engine jet-nozzle angle, engine thrust coefficient, engine-out 
operation, and asymmetrical trailing-edge boundary- layer control for providing 
roll trim. Downwash measurements at the tail were obtained for different thrust 
coefficients, tail heights, and at two fuselage stations. 


359. Bobbitt, Percy J. ; and Manro, Marjorie E,: Theoretical and Experimental 

Pressure Distributions for a 71.2° Swept Arrow-Wing Configuration at 
Subsonic, Transonic, and Supersonic Speeds. Proceedings of the SCAR 
Conference - Part 1, NASA CP-001, [j 9'77l] > PP- 85-122. 

A wind-tunnel test of an arrow wing body configuration consisting of flat 
and twisted wings, as well as a variety of leading- and trailing-edge control- 
surface deflections, has been conducted at Mach numbers from 0.40 to 2.50 to 
provide an experimental data base for comparison with theoretical methods. 
Theory-to-experlment comparisons of detailed pressure distributions have been 
made by using current state-of-the-art and newly developed attached- and 
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separated-flow methods. Current stat'--of-the-art linear and nonlinear attached- 
flow methods wore adequate only at small angle-of-attack cruise conditions. 

Of the several "separated-vortex" methods evaluated, only the one utilizing a 
combination of linear source and quadratioally varying doublet panels showed 
promise of yielding aoourate load distributions at moderate to large anglos of 
attack. 


360. Coe, Paul L., Jr.; and Graham, A. B,: Results of Recent NASA Research on 

Low-Speed Aerodynamic Characteristics of Supersonic Cruise Aircraft. 

Pr -jedings of the SCAR Conference - Part 1, NASA CP-001, [19773 , 
pp. 123-136, 

The present paper summarizes the results of recent NASA research on the 
low-speed aerodynamic oharaoteristic3 of supersonic cruise aircraft. Although 
acceptable low-speed performance is obtainable for the configurations currently 
under study, the low-speed deficiencies dictate a design compromise which pro- 
hibits such configurations from achieving maximum range potential. However, 
through the use of more efficient high-lift systems and the -Ideation of 
propulsive-lift concepts, it is possible to optimize the er airframe design 
for maximum range potential and also to provide good low-s"> , performance. 

The results also indicate that nose strakes provide significant improvements 
in directional stability. 


361. Erickson, Larry L.; Johnson, Forrester T.; and Ehlers, F. Edward: Advanced 

Surface Paneling Method for Subsonic and Supersonic Flow. Proceedings 
of the SCAR Conference - Part 1, NASA CP-001, [ 19773 , pp. 25-54. 

Numerical results illustrating the capabilities of an advanced aerodynamic 
surface paneling method are presented. The method is applicable to both sub- 
sonic and supersonic flow, a3 represented by linearized potential flow theory. 
The method is based on linearly varying sources and quadratioally varying dou- 
blets which are distributed over flat or curved panels. These panels can be 
applied to the true surface geometry of a. bitrarily shaped three-dimensional 
aerodynamic configurations. The method offers the user a variety of modeling 
options and is both stable and accurate, the numerical results displaying a 
marked insensitivity to panel arrangement. 


362. Gloss, Blair B,; and Johnson, Forrester T.: Development of an Aerodynamic 

Theory Capable of Predicting Surface Loads on Slender Wings With Vortex 
Flow. Proceedings of the SCAR Conference - Part 1, NASA CP-001, [ 19773 , 
pp. 55-67. 

With the advent of supersonic cruise aircraft that utilize vortex lift at 
some point in their flight envelope, the need for an analytical method capable 
of accurately predicting loads on wings with leading-edge separation has become 
evident. The Boeing Commercial Airplane Company, under contract to NASA Langley 
Research Center, has developed an inviscid three-dimensional lifting surface 
method that shows promise in being able to accurately predict loads, subsonic 
and supersonic, on wings with leading-edge separation and reattachment. 
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363. Heyson, Harry H. ; Riobo, Gregory D.j and Fulton, Cynthia L, : Theoretical 

Parametric Study of the Relative Advantages of Wlnglota and Wing-Tip 
Extensions. NASA TM X-74003, 1977. 

Thia study provideo confirmation, for a wide rango of wing3, of the recom- 
mendations of Whitcomb in NASA TN D-8260. For identical increases in bending 
moment, a winglet provides a greater gain in induced efficiency than tip exten- 
sion. Winglet tow angle allows design trades between efficiency and root 
moment. Both induced efficiency and bonding moment increase with winglet 
length and outward cant. Root bending moment is proportional to the minimum 
weight, of bending material required in the wing; thus, it is a valid index of 
the impact of tip modifications on a new wing design. 


36*1. Mercer, Charles E. ; and Carson, George T. , Jr,: Upper Surface Nacelle 

Influence on SCAR Aerodynamic Characteristics at Transonio Speeds. 
Proceedings of the SCAR Conference - Part 1, NASA CP-001, 01977], 

PP. 137-154. 

An investigation has been conducted in the Langley 16-foot transonic tunnel 
to determine the influence of upper-3urface nacelles on the aerodynamic charac- 
teristics of a SCAR configuration at Mach numbers from 0.6 to 1.2. Tests were 
made with various nacelle chord wise, spanwise, and vertical height locations 
over the Mach number, angle-of-attaok, and jet total-pressure ratio ranges. 

The results show that deflecting the wing-tip leading-edge flap from 0° to -10° 
increased the maximum lift-drag ratio by 1.0 at subsonic speeds. Installation 
of upper-3urface nacelles (no wing/nacelle pylons) Increased the wing-body 
pitching moment at all Mach numbers and decreased the drag of the wing-body 
configuration at subsonic Mach numbers, 


365. Miller, Davis S. ; Carlson, Harry W.; and Middleton, Wilbur D,: A 

Linearized Theory Method of Constrained Optimization for Supersonic 
Cruise Wing Design. Proceedings of the SCAR Conference - Part 1, NASA 
CP-001, [1977], Pp. 9-24. 

A linearized theory wing design and optimization procedure which allows 
physical realism and practical considerations to b « imposed as constraints on 
the optimum (least drag due to lift) solution is discussed and examples of 
appll" V* on are presented. In addition to the usual constraints on lift and 
pitching moment, constraints can also be imposed on wing surface ordinates and 
wing upper surface pressure levels and gradients. The design procedure also 
provides the capability of including directly in the optimization process the 
effects of other aircraft components 3Uch as a fuselage, canards, and nacelles. 


366. Roensch, Robert L. : Aerodynamic Validation of a SCAR Design. Proceedings 

of the SCAR Conference - Part 1, NASA CP-001, 0977], pp. 155-168. 

The results of a wind-tunnel test of a model of the McDonnell Douglas 
supersonic cruise aircraft justify the design procedures used to develop the 
configuration. The data obtained with a baseline fuselage model and an improved 
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performance wing support the analysis and design methods. The minimum drag is 
almost exactly as predicted, Deapite small discrepancies in the predicted level 
of drag due to lift, the increments between configurations are as predicted and 
can be used to identify further improvements in performance. The results also 
verified the aerodynamic efficiency of the configuration with a demonstrated 
maximum lift-drag ratio of 9.1. 


367. Townsend, James C. : The Role of Finite-Difference Methods in Design and 

Analysis for Supersonic Cruise. Proceedings of the SCAR Conference - 
Part l, NASA CP-001, [1977], pp. 69-84. 

Finite-difference methods for analysis of steady, inviseid supersonic flows 
are described, and their present state of development is assessed with particu- 
lar attention to their applicability to vehicles designed for efficient cruise 
flight. As an illustration, cv,.’ eolations of the supersonic flows over delta 
wings are compared with experimental pressure distributions. The overall agree- 
ment with experiment is very good, even well beyond the angles of attack where 
linearized theory methods are applicable. Current work I 3 described which will 
allow greater geometric latitude, impove treatment of embedded shock wave and 
relax the requirement that the axial velocity must be supersonic. 


Noise 

368. Carlson, Harry W.; Barger, Raymond L.; and Mack, Robert J.: Application 

of Sonic-Boom Minimization Concepts in Supersonio Transport Design. 
NASA TN D-7218, 1973. 

The applicability of sonic boom minimization concepts in the design of 
large supersonic transport airplanes capable of a range of 2500 n.ml. at a 
cruise Mach number of 2.7 is considered. Aerodynamics, weight and balance, 
and mission performance, as well as sonic boom factors, have been taken into 
account. Further study of qualified airplane design teams is required to 
ascertain sonic boom shock-strength levels actually attainable for practical 
supersonic transports. 


369. Lung, J. L.; Tiegerman, B.; Yu, N. J.; and Seebass, A. R.: Advances in 

Sonic Boom Theory. Aerodynamic Analyses Requiring Advanced Computers - 
Part II, NASA SP-347, 1975, pp. 1033-1047. 

This paper discusses recent advances in three aspects of sonic boom theory 
and briefly addresses the role of numerical calculations in each. First, the 
maximum extent to which the sonic boom of supersonic aircraft can be reduced 
by careful aerodynamic design is discussed, and a computer program is described 
that determines the aircraft area development required to minimize various sonic 
boom signature parameters. Next, a result that predicts the minimum sonic boom 
of hypersonic vehicles is described. Finally, a report is given on numerical 
results that advance our understanding of the behavior of sonic boom signals 
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in tho vicinity of a caustic surface. The numerical. pro'.ecHiben dovoloped for 
the lattor problem have proved effective in calculating Li Sbuonic flows with 
embedd '<i shook waves. 


370. Davis, J. E.; and Medan, R. T.: NASA Ame3 Three-Dimensional Potential Plow 

Analysis System (POTFAN) Boundary Condition Code ( BC1)N ) Version 1, NASA 
TM X-73,187, 1976. 

This document describes a computer program known as BCDN which has been 
developed as an independent segment of tho NASA Amoo Three-Dimensional Potential 
Flow Analysis System (POTFAN). This segment of the POTFAN system is used to 
generate right-hand sides (boundary conditions) of the system of equations 
associated with the flow field under consideration. These specified flow 
boundary conditions are encountered in the oblique derivative boundary value 
problem (boundary value problem of the third kind) and contain Neumann boundary 
condition as a special case. Arbitrary angle-of -attack and/or sideslip and/or 
rotation rates may be specified, a3 well as arbitrary, nonuniform external flow 
field and the influence of prescribed singularity distributions. 


NASA Contractor Reports 


Aerodynamics 

371. Rubbert, Paul E.: Sideslip of Wing-Body Combinations, NASA CR- 114716, 

197a. 


372. Mereer, J. E. ; Weber, J. A.; and Loafer', E. P.: Aerodynamic Influence 

Coefficient Method Using Singularit; Splines. NASA CR-2423, 1974. 

A numerical lifting surface formulation, including computed results for 
planar wing cases is presented by The Boeing Company. This formulation, 
referred to as the "vortex spline" scheme, combines the adaptability to com- 
plex shapes offered by paneling loading function methods. The current formu- 
lation uses the elementary horseshoe vortex a3 the basic singularity and is 
therefore restricted to linearized potential flow. Also, a ''cond-order side- 
slip analysis baaed on an asympcotic expansion wa3 investigated by using the 
singularity spline formulation. 


373. Radkey, R. L.: An Analysis of the Impact of Cabin Floor Angle Restrictions 

on L/D for a Typical Supersonic Transport. NASA CR-1 32508, 1974. 


374, Brune, Guenter W. ; Weber, James A.; Johnson, Forrester T.; Lu, Paul; and 

Rubbert, Paul E. : A Three-Dimensional Solution of Flows Over Wings With 

Leading-Edge Vortex Separation. Part I - Engineering Document. NASA 
CR-1 32709 , 1975. 
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375. Fromme, J. A.; and Halstead, D. W. : Solutions to Kuosnor'o Integral Equa- 

tion In Un3toady Flow Using Looal Basis Functions. NASA CR— 1 377 19, 

1975. 


376. Middleton, W. D.; and Lundry, J. L.: Aerodynamic Dosign and Analysis 

System for Supersonic Aircraft, Part 1 - Goneral Description and 
Theoretioal Development. NASA CR-2520, 1975. 

An integrated system of computer programs has been developed by the Boeing 
Commercial Airplane Company for the design and analysis of supersonic configu- 
rations. The system uses linearized theory methods for the calculation of 
surface pressures and supersonic area-rule concepts in combination with linear- 
ized theory for calculation of aerodynamic force coefficients. Interactive 
graphics are optional at the user's request. This part presents a general 
description of the system and describes the theoretical methods used. 


377. Manro, Marjorie E,; Manning, Kenneth J. R.*, Hallstaff, Thomas H,; and 
Rogers, John T. : Transonic Pressure Measurements and Comparison of 

Theory to Experiment for an Arrow-Wing Configuration - Summary Report. 

NASA CR-2610, 1976. 

Wind-tunnel tests of an arrow-wing — body configuration consisting of flat 
and twisted wings, as well as a variety of leading- and trailing-edge control- 
surface deflections, were conducted at Mach numbers from 0.^ to 1,1 by the Boeing 
Commercial Airplane Company to provide an experimental pressure data base for 
comparison with theoretical methods. Theory-to-experiment comparisons of 
detailed pressure distributions were made using current state-of-the-art 
attaohed- and 3eparated-flow methods. 


378. Middleton, W. D.; Lundry, J. L.; and Coleman, R. G. : A Computational 

System for Aerodynamic Design and Analysis of Supersonic Aircraft. 

Part 2 - User's Manual, NASA CR-2716, 1976, 

An integrated system of computer programs was developed by the Boeing Com- 
mercial Airplane Company for the design and analysis of supersonic configura- 
tions. The system uses linearized theory methods for the calculation of surface 
pressures and supersonic area-rule concepts in combination wit., linearized theory 
for calculation of aerodynamic force coefficients. Interactive graphics are 
optional at the user's request. This users' manual contains a description of the 
system, an explanation of its usage, the input definitijn, and example output. 


379. Radkey, R. L.j Welge, H. R.; and Felix, J. E, : Aerodynamic Characteristics 

of a Mach 2.2 Advanced Supersonic Cruise Aircraft Configuration at Mach 
Numbers From 0.5 to 2 . <4 . NASA CR— 1 45094 , 1977. 
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No ini' 


380. Kano, Edward »J.: A fifcudv To Determine the Poanihllitj of a I.ow Sonic Room 

Supersonic Transport. NASA CIi~. V , 1973. 

A .'study wan made by tho Boo inf; Commercial Airplane Company to determine 
tho feasibility of supersonic transport configurations designed to prod 400 a 
goal aonio boom signature with low overpressure. Tho results indicate that, 
in principle, nuoh a concept repress? to a potentially realistic design approach 
assuming technology of the 198b time period. Two conic boom goal a were selected 
which included i (Da high-speed design that would produce shock waves no 
stronger than 48 N/rm-, and (2) an intermediate Mach number (mid-Mach) design 
that would produce shock waves no stronger than 24 U/ttP . The high-speed air- 
plane design was a Mach 2. 7 blended arrow wing configuration which was capable 
of carrying 10} passengers a distance of 7000 km while meeting the signature 
goal. Tho mid-Mach airplane design was a Mach 1.5 low arrow wing configuration 
with a horizontal tail which could carry 180 passengers a distance of 8960 km. 


381. Guinn, Wiley A.; Balena, Frank J.; and Soovoro, Jaatc: Sonic Environment 

of Aircraft Structure Immersed in a Supersonic Jet Flow Stream. NASA 
CR-144996, 1976. 


Articles, Meetings, and Company Report s 
Aerodynamics 

383. Mercer, J. E.; Weber, J. A.; and Leaferd, K, P.: Aerodynamic Influence 

Coefficient Method Using Singularity Splines. AIAA Paper No. 73-123, 
Jan. 1973. 


383. Callaghan, J. G. : Aerodynamic Prediction Methods for Aire. -aft at Low 

Speeds With Mechanical High Lift Devices. Prediction Methods for 
Aircraft Aerodynamic Characteristics, AGARD-LS-67, May D7 U , 
pp. 2-1 - 2-52 . 


384. Fromme, J. ; and Halstead, David: Die Use of Local Basis Functions in 

Unsteady Aerodynamics. AIAA Paper 75-100, Jan. 1975. 


385. Johnson, F. T. ; and fiubbert, P. E. : Advanced Panel-Type Influence Coeffi- 

cient Methods Applied to Dub sonic Flows. AIAA Paper 75-50, Jan. 1975. 


386. Campbell, J. F.; Gloss, B. B.; and Lamar, J. E. : Vortex Maneuver Lift for 

Super-Cruise Configurations, Design Conference Proceedings - Technology 
for Supersonic Cruise Military Aircraft, Volume I, AFFDL-TR-77-05, 

Vol. I, U.S. Air Force, 1976. 
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387. Coe, Paul L,, Jr.: Propulsive-Lift Concepts for Improved Low-Speed Per- 

formance of Suporsonio Cruise Arrow-Wing Configurations. Proceedings - 
AIAA 3rd Atmosphorio Flight Mechanics Conference, June 1976, pp. 65-69. 


388. Coe, Paul L., Jr.; and Gilbert, William P.: Application of Low-Speed 

Aerodynamics Characteristics of Highly Swept Arrow-Wing Configurations 
to Suporsonio Cruiso Tactical Fighter Designs. Design Conference 
Proceedings - Technology for Supersonic Cruiso Military Aircraft, 
Volume I, AFFDL-TR-77-85, Vol. I, U.S. Air Force, 1976. 


389 . Dollyhigh, Samuel M,; Ayers, Theodore G,; Morris, Odell A.; and Miller, 
David M.: Designing for Supercruise and Maneuver, Design Conference 

Proceedings - Technology for Supersonic Cruise Military Aircraft, 
Volume I, AFFDL-TR-77-85 , Vol. I, U.S. Air Force, 1976. 


390, Ehlers, F. Edward; Johnson, Forrester T,; and Rubbert, Paul E.: A 

Higher Order Panel Method for Linearized Supersonic Flow, AIAA Paper 
No. 76-381, July 1976. 


391. Rettie, Ian H.: Computer-Aided Aerodynamic Design for Superoruiso. 

Design Conference Proceedings - Technology for Supersonic Cruise Mili- 
tary Aircraft, Volume I, AFFDL-TR-77-85, Vol. I, U.S. Air Force, 1976. 


392. Sbrcufc, Barrett L,; Morris, Odell A.; Robins, A. Warner; and Dollyhigh, 
Samuel M. : Review of NASA Supercruise Configuration Studies. Design 

Conference Proceedings - Technology for Supersonic Cruise Military 
Aircraft, Volume I, AFFDL-TR-77-85, Vol. I, U.S. Air Force, 1976, 


393. Sorrells, Russell B.; and Foss, Willard E.: Trade Studies on a Long Range 

Mach 2,7 Supercruiser. Design Conference Proceedings - Technology for 
Supersonio Cruise Military Aircraft, Volume I, AFFDL-TR-77-85, Vol. I, 
U.S. Air Foroe, 1976, 


399. Manro, Marjorie E,; Bobbitt, Percy J. ; and Rogers, John T.: Comparisons 

of Theoretical and Experimental Pressure Distributions on an Arrow-Wing 
Configuration at Subsonio, Transonic, and Supersonic Speeds. Prediction 
of Aerodynamio Loading, AGARD-CP-204, Feb. 1977, pp. 11-1 - 11-19. 


Noise 

395. Ferri, Antonio; Siclari, Michael; and Ting, Lu: Sonic Boom Analysis for 

High Altitude Flight at High Mach Number. AIAA Paper No. 73-1039, 

Oct. 1973. 
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STABILITY AND CONTROL 


NASA Inhouac Roporto 

396, Abel, Irving; and Sandford, Maynard G,: Status of Two Studios on Active 

Control of Aeroolaatic Responso, NASA TM X-2909, 1973. 

The application of active control technology to the suppression of flutter 
has been successfully demonstrated during two recent studies in tho Langley 
transonic dynamioa tunnel. The firs* study involved the implementation of an 
aerodynamic enorgy criterion using both loading- and trailing-edge controls to 
suppress flutter of a simplified delta-wing model. The second study was con- 
ducted to establish the effect of active flutter suppression on a model of the 
Boeing B-52 Control Configured Vehicle (CCV). 


397. Brown, Stuart C.t Computer Simulation of Aircraft Motions and Propulsion 
System Dynamics for the YF-12 Aircraft at Supersonic Cruise Conditions. 
NASA TM X-62.2U5, 1973. 

A computer simulation of the YF-12 aircraft motions and propulsion system 
dynamics is presented, Tho propulsion system was represented in sufficient 
detail so that interactions between aircraft motions and the propulsion system 
dynamics could be investigated. Effects of inlet moving geometry on aircraft 
forces and moments as wel] as effects of aircraft motions on the inlet behav- 
ior were simulated. The simulation was capable of operating in real time. 


398. Gilyard, Glenn B. ; Berry, Donald T.; and Belte, Daumants: Analysis of a 

Lateral-Direetional Airframe/Propulsion System Interaction. NASA 
TM X-2829, 1973. 

Lateral-directional flight data from a YF-12 airplane operating with the 
yaw damper off showed positive Dutch roll damping during inlets-fixod operation 
and a divergent response during automatic inlet operation. With inlet geometry 
variables considered as control inputs, the Newton-Raphson and time vector 
derivative extraction techniques were applied to data from a set of supersonic 
maneuvers displaying these dynamic characteristics to determine the cause of 
the instability. A root locus analysis with the resulting force and moment 
coefficients showed that a time lag of approximately 0,5 see in the sideslip 
sensor used to control the inlet geometry caused the instability. 


399. Gilyard, Glenn B. ; and Belte, Daumants: Flight-Determined Lag of Angle- 

of-Attack and Angle-of-Sideslip Sensors in the YF-12A Airplane From 
Analysis of Dynamic Maneuvers. NASA TN D-7819, iy?^. 

Magnitudes of lags in the pneumatic angle-of-attack and angle-of-sideslip 
3ensor systems of the YF-12A airplane were determined for a variety of flight 
conditions by analyzing stability and control data. The three analysis tech- 
niques used are described. Because Mach number was closely related to altitude 
for the available flight data, the individual effects of Mach number and 
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altitude on the lag could not bo separated ciearly. However, the results indi- 
cated the influence of factors other than simple pneumatic lag 


400. Tlnoeo, Edward N. : An Aeroelastic Analysis of the YF-12A Airplane Us„ng 

the FLEX STAB System. NASA YF-12 Flight Loads Ingram, NASA 1M X-3061, 
197*1 , pp. 599-623. 

An aeroelastic analysis of the Lockheed YF-12A airplane was made w , ; the 
FLEXSTAB system of computer programs. A description of the FLEXSTAB system p. d 
its use in analyzing the airplane is presented. Aerodynsmio modeling te 0 hni 4 .es 
used In representing the airplane are discussed. 

Comparisons are made between computed results, wind-tunnel test uata, and 
flight test data. These comparisons verify that the FLEXS'lAB syoterj of com- 
puter programs is capable of analyzing complex aircraft configurations like 
that of the YF-12A airplane. Theoretical results generally compare well with 
experiment -'Xcept in the region of the forebody, In this region, there is 
significant discrepancy between the theoretical analysis, wind-tunnel data, and 
flight test data. The discrepancy may be attributed to vortex flow on the fore- 
body cnine, which the theory cannot simulate and which differs for wind-tunnel 
and flight conditions. 


401. Sandford, Maynard C. ; Abel, Irving; and Gray, David L.i Development and 
Demonstration of a Flutter-Suppression System Using Active Controls. 

NASA TR R-450, 1975, 

The application of active control technology to suppress flutter was demon- 
strated successfully in the Langley transonic dynamics tunnel with a delta-wing 
model. The model was a simplified version of a proposed supersonic transport 
wing design. An active flutter-suppression method based on an aerodynamic 
energy criterion was verified by using three different control laws. Analytical 
methods were developed to predict both open-loop and closed-loop stability, and 
the results agreed reasonably well with the experimental results. 


402. Albers, James A,; Status of the NASA YF-12 Propulsion Research Program. 

NASA TM X-56039, 1976. 

The YF-12 research program was initiated to establish a technology base 
for the design of an efficient propulsion system for supersonic cruise aircraft. 
The major technology areas under investigation in this program are inlet design 
analysis, propulsion system steady-state performance, propulsion system dynamic 
performance, inlet and engine control systems, and airframe/propr.lsion system 
interactions. Discussed are the results obtained to date by the NASA Ames, 
Lewis, and Dryden Research Center.s. 
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403. Berry, Donald T, ; and Gilyard, Glenn B. ; A Review of Supersonic Cruise 
Flight Path Control Experience With the YF-12 Alraraft. Aircraft 
Safety and Operating Problems, NASA SP-416, 1976, pp. 147-163. 

Flight research with the YF-12 aircraft indicates that solutions to many 
handling qualities problems of supersonic orrise are at hand. Airframe/ 
propulsion system interactions in the Dutch roll mode can be alleviated by the 
use of passive filters or additional feedback loops in the propulsion and flight 
control systems. Mach and altitude excursions due to atmospheric temperature 
fluctuations can be minimized by the use of a cruise autothrottle. Autopilot 
instabilities in the altitude hold mode have beei traced to angle-of-attaok 
sensitive static ports on the compensated nose boom. For the YF-12, the feed- 
back of high-pa3s pitch rate to the autopilot resolves this problem. Manual 
flight-path control is significantly improved by the use of an inertial rate 
of climb display in the cockpit. 


404 . Berry, Donald T.; and Schweikhard, William G. : Potential Benefits of 

Propulsion and Flight Control Integration for Supersonic Cruise Vehicles. 
Advanced Control Technology and Its Potential for Future Transport 
Aircraft, NASA TM X-3409, 1976, pp. 433-452. 

Typical airframe/propulsion interactions such as Mach/altitude excursions 
and inlet unstarts are reviewed. The improvements in airplane performance and 
flight control that can be achieved by improving the interfaces between propul- 
sion and flight control are estimated. A research program to determine the 
feasibility of integrating propulsion and flight control is described. This 
program includes analytical studies and YF-12 flight tests. 


405. Dogget Robert V., Jr.; Abel, Irving; and Ruhlin, Charles L. : Some 

Expa dnoes Using Wind-Tunnel Models in Active Control “studies. Advanced 
Cent 1 Technology and Its Potential for Future Transport Aircraft, NASA 
TM X-3409, 1976, pp. 831-892. 

A status report and review of wind-tunnel model experimental techniques 
that ha if e been developed to study and validate the use of active control tech- 
nology for the minimization of aeroelastic response are presented. The studies 
include flutter mode suppression on a delta-wing model, flutter mode suppression 
and ride quality control on a 1 /30-size model of he B-52 CCV axrplane, and an 
active lift distribution control system on a 1/22-size C-5A model. 


406, Nlssim, E, ; Caspi, A.; and Lottati, I.: Application of the Aerodynamic 

Energy Concept to Flutter Suppression and Gust Alleviation by Use of 
Active Controls. NASA TN D-8212, 1976. 

The effects of active controls on flutter suppression and gust alleviation 
of the Arava twin turbopro i STOL transport and the Westwind twin jet business 
transport are investigated, The control law is based on the concept of aero- 
dynamic energy and utilizes previously optimized control law parameters based 
on two-dimensional aerodynamic theory. The best locations of the activated 
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system aling the span of the wing aro determined for bond inr, -moment alleviation, 
reduction in fuselage accelerations, and flutter suppression. The results 
indicate that flutter speed can be significantly increased (over 70 percent 
increase) and that the bending moment due to gust loading can be almost totally 
eliminated by a control system of about 10 to 20 percent span with reasonable 
control surface rotations. 


407. Pratt, Kerrait G. : A Survey of Active Controls Benefits to Supersonic 

Transports, Advanced Control Technology and Its Potential for Future 
Transport Aircraft, NASA TM X-3409, 1970, pp. 639-609. 

Results are drawn from studies of the impact of advanced technologies on 
the design of an arrow wing configuration. Information presented includes 
estimated benefits, effects of combinations of active control concepts, and 
constraints. Emphasis is placed on characteristics that are uniquely related 
to a large airframe featuring a slender body with a fixed wing of low aspect 
ratio, high sweep, and small thickness ratio. 


408. Berry, Donald T, ; Mallick, Donald L. ; and Gilyard, Glonn B.: Handling 

Qualities Aspects of NASA YF-12 Flight Experience, Proceedings of the 
SCAR Conference - Part 1, NASA CP-001, [1977] , pp. 193-213. 

This paper reviews the handling quali' .'.es of the YF-12 airplane as observed 
during NASA research flights over the past 5 years. Aircraft behavior during 
take-off, acceleration, climb, cruise, descent, and landing are discussed. 

Pilot comments on the various flight phases and tasks are presented. Handling 
qualities parameters are compared with existing and proposed handling qualities 
criteria. The influence of the propulsion 3ystem3, stability augmentation, 
autopilot systems, atmospheric gusts, and temperature changes are also dis- 
cussed. The results indicate that YF-12 experience correlates well with fly- 
ing qualities criteria. 


409. Doggett, Robert V., Jr.; and Townsend, James L. : Flutter Suppression by 

Active Control and Its Benefits. Proceedings of the SCAR Conference - 
Part 1, NASA CP-001, [1977] , pp. 303-333. 

A general discussion of active flutter suppression systems is presented 
with focus on supersonic cruise aircraft configurations. Topics addressed 
include a brief historical review; benefits, risks, and concerns; methods of 
application; and applicable configurations. Results show that significant 
increases in flutter speed (or flutter dynamic pressure) can be accomplished 
by using active flutter suppression. 

Results of a study are presented where the direct operating costs and per- 
formance benefits of an arrow wing supersonic cruise vehicle equipped with an 
active flutter suppression system are compared with corresponding costs and 
performance of the same baseline airplane where the flutter deficiency was cor- 
rected by passive methods (increases in structural stiffness). The design, 
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synthesis, and conceptual mechanization of the active flutter suppression sys- 
tem are discussed. The results show that a substantial weight savings can be 
accomplished and direct operating costs reduced by using the active system. 


410. Grantham, William D.; Nguyen, Luat T. ; Neubauer, M. J. , Jr.j and Smith, 
Paul M. : Simulator Study of the Low-Speed Handling Qualities of a 

Supersonic Cruise Arrow-Wing Transport Configuration During Approach 
and Landing. Proceedings of the SCAR Conference - Part 1, NASA CP-001, 
[1977], pp. 21 5-2*18 , 

A fixed-based simulator 3tudy was conducted to determine the low-speed 
flight characteristics of an advanced supersonic cruise transport having an 
arrow wing, a horizontal tail, and four dry turbojets with variable geometry 
turbines. The primary piloting task was the approach and landing. 

The results of the study indicated that the statically unstable (longi- 
tudinally) subject configuration has unacceptable low-speed handling qualities 
with no augmentation. Therefore, a hardened stability augmentation system 
(HSAS) will be required to achieve "acceptable" handling qualities should the 
normal operational stability and control augmentation system (SCAS) fail. 
Although the SCAS developed in this study to achieve satisfactory handling 
qualities was complex, it is within current technology. 


411. Perkin, Brian R.; and Erickson, Larry L. : FLEXSTAB - A Computer Program 

for the Prediction of Loads and Stability and Control of Flexible Air- 
craft. Proceedings of the SCAR Conference - Part 1, NASA CP-001, 

[1977], pp. 249-280. 

This paper describes and illustrates capabilities of the FLEXSTAP Computer 
Program System. FLEXSTAB is a system of computer programs for performing aero- 
elastic analysis of a wide variety of current and future aircraft configura- 
tions. There are two versions of FLEXSTAB: an NASA controls-f ixed version, 

identified as Level 1 FLEXSTAB; and an Air Force version, identified as Level 2 
FLEXSTAB, which provides for active controls analysis at low frequencies. The 
aerodynamic theory used in FLEXSTAB is applicable to both steady and unsteady, 
subsonic and supersonic, flow for multiple wing-body-tail-nacelle configura- 
tions with a plane of symmetry. FLEXSTAB will trim the aircraft in steady ref- 
erence flight and compute both static and dynamic stability and control deriva- 
tives and the stability behavior about the trim condition. The airplane lifting 
pressure distribution, aerodynamic and inertia loads, and deflected shape are 
also computed. 


4 1 2. Reukauf, Paul J, ; and Bureham, Frank W. , Jr.: Propulsion System/Flight 

Control Integration. Proceedings of the SCAR Conference - Part 1 , 

NASA CP-001, [1977], PP. 281-302. 

The NASA Dryden Flight Research Center is engaged in the YF-12 cooperative 
control program. In thifc program, the existing analog air-data computer auto- 
throttle, autopilot, and inlet control systems are to be converted to digital 
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systems by using a general purpose airborne computer and interface unit. First 
the existing control laws are to be programed and tested in flight. Then, inte 
grated control laws, derived by using accurate mathematical models of the air- 
plane and propulsion system in conjunction with modern control techniques, are 
to be tested in flight. Analysis indicates that an integrated autothrottle- 
autopilot gives good flight-path control and that observers can be used to 
replace failed sensors. 


413. Sudderth, Robert W.; and McNeill, Walter E,: Development of Longitudinal 

Handling Qualities Criteria for Large Advanced Supersonic Aircraft. 

Proceedings of the SCAR Conference - Part 1, NASA CP-001, [1977] , 

pp. 171-192. 

A piloted simulation study was conducted with the aim of advancing the 
development of longitudinal handling qualities criteria for large supersonic 
cruise aircraft. The areas of study, using the NASA Ames Flight Simulator for 
Advanced Aircraft, included high-speed cruise maneuvering, stall-recovery con- 
trol power, and landing approach for normal and minimum-safe operation. Only 
the first two areas are discussed in this paper. Comparisons were made with 
existing criteria and, for the cruise condition, a time response criterion was 
developed which correlated well with pilot ratings and comments. For low-speed 
sta±~ recovery, a new criterion was developed in terras of nose-down angular 
acceleration capability. 


NASA Contractor Reports 

414. Sevart, F. D. ; Patel, S. M. ; and Wattman, W. J. : Analysis and Testing of 

Stability Augmentation Systems - Final Report. Doc. D3-8884, Boeing 
Co., June 1972. (Available as NASA CR- 132349.) 


415. Edinger, Lester D.; Schenk, Frederick L.; and Curtis, Alan R.: Study of 

Load Alleviation and Mode Suppression (LAMS) on the YF-12A Airplane. 

NASA CR-2158, 1973. 

The potentials and capability for implementing a LAMS (load alleviation 
and mode suppression) system on the YF-12A for the purpose of flight research 
were evaluated by Lockheed Aircraft Corporation. The nature of th research 
is to minimize the design risk in application of LAMS to future aircraft. The 
results of the study show that the YF-12A would be a suitable test bed for con- 
tinuing deveZ .pment of LAMS technology. This was demonstrated by defining five 
candidate LAI-S systems and analytically evaluating them with regard to perfor- 
mance and mechanization. 


416. Sevart, Francis D. ; and Patel, Suresh M, : Analysis and Testing of Aero- 

elastic Model Stability Augmentation Systems - Final Report. NASA 
CR-132345, 1973. 
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417. Webb, W. L. ; and Zewski, G. J. : J58 Cooperative Control System Study - 

Volume I. NASA CR-121195, 1973. 


418. Webb, W. L. ; and Zewski, G. J. : J58 Cooperative Control System Study - 

Volume IX. NASA CR-121195, 1973. 


419. Webb, W. L. ; and Zewski, G. J. : J58 Cooperative Control System Study - 

Volume III. NASA CR-121195, 1973. 


420. Booing Commercial Airplane Co.: A Method for r ^dieting the Stability 

Characteristics of Control Configured VehlCi Volume IV - FLEXSTAB 
2.01.00 B-52E LAMS Demonstration Case and Results. AFFDL-TR-74-91 > 

Vol. IV, U.S. Air Force, Nov. 1974. (Available from DDC as 
AD B005-730L.) 

FLEXSTAB is a system of computer programs designed to predict the stability 
and control characteristics of an elastic airplane in the subsonic and super- 
sonic flight regimes from geometry, mass distribution, and flexibility informa- 
tion, The numerical process is based on linear aerodynamic and structural 
influence coefficient theory. The resulting FLEXSTAB 2.01.00 system i3 capable 
of analyzing flexible airplane response to atmospheric turbulence or control 
system commands. The FLEXSTAB 2,01.00 B-52E LAMS Demonstration Case and Results 
is the fourth volume of' a report prepared under AFFDL contract. The "asults 
from an analysis of one flight condition were compared v'ith the re,.uHs of 
a similar analysis conducted by The Boeing Company, Wichita Di/ision, and 
Honeywell, Inc. Major capabilities of FLEXSTAB have been demonstrated and tue 
results are shown in this volume. 


421. Dornfeld, G. M. ; Bhatia, K. G.; Maier, R. E,; Snow, R. N.; and Van Rossum, 
D. A.: A Method for Predicting the Stability Characteristics of an 

Elastic Airplane - Volume IV: FLEXSTAB 1.02.00 Demonstration Cases and 

Results. NASA CR-1 14715, '1974. 


422. Dusto, A. R.; Brune, G. W.; Dornfeld, G. M. ; Mercer, J. E. ; Pilet, S. C.; 
Rubbert, P. E, ; Schwanz, R. C. ; Smutny, P.; Tlnoco, E. N. ; and Weber, 

J. A.: A Method for Predicting the Stability Characteristics of an 

Elastic Airplane. Volume I - FLEXSTAB Theoretical Description. NASA 
CR-1 14712, 1974. 


423. Hink, G. R. ; D'Auria, P. V. j Bailey, D. C.; Bills, G. R.; and Henderson, 
D. M. : A Method for Predicting the Stability Characteristics of an 

Elastic Airplane. Volume III - FLEXSTAB 1.02.00 Program Description. 
NASA CR-114714, 1974. 
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424. Hink, G. R, ; Snow, R. N. ; Bhatia, K. G,; Malar, R, E.; Bills, G. R,; 

Henderson, D, M.; Bailey, D, C.; Dornfeld, G. M. ; and D'Auria, P. V.: 

A Method for Predicting the Stability Characteristics of an Elastic 
Airplane. Volume II - FLEXSTAB 1.02.00 User’s Manual. NASA CR-1 14713, 
1974. 


425. Ni. 93 im, E.: Flutter Suppression and Gust Alleviation Using Aotive 

Controls. TAE Rep. No. 198, Technion - Israel Inst. Technol., 1974. 
(Available as NASA CR-1 38658.) 


426. Chenoweth, C. C. ; Fain, D. M. ; and Svensson, C. I,: Redundant Actuator 

Development Program. NASA CR-1 37656, 1975. 


427. Miller, Ronald D. ; and Rogers, John T. : Requirements for Implementation 

of Kiissner and Wagner Indicial Lift Growth Functions Into the FLEXSTAB 
Computer Program System for Use in ■dynamic Loads Analyses. NASA 
CR-1 37718, 1975. 


428. Redman, M. C. ; and Rowe, W. S.; Prediction of Unsteady Aerodynamic Load- 
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